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FOREWORD

This report is the fifth volume of a nine-volume study entitled Evaluation of Military

Field-Water Quality. Titles of the other volumes are as follows: Vol. 1, Executive

Summary, Vol. 2, Chemical Constituents of Military Concern; Vol. 4, Health Criteria and

Recommendations for Standards; Vol. 6, Infectious Organisms of Military Concern
Associated with NonconsumDtive Exposure: Assessment of Health Risks, and

Recommendations for Establishirg Related Standards; Vol. 7, Performance Evaluation of
the 600-GPH Reverse Osmosis Water Purification Unit (ROWPU): Reverse Osmosis (RO)

Components; VoL 8, Performance of Mobile Water Purification Unit (MVPU) and

Pretreatment Components of the 600-GPH Reverse Osmosis Water Purification Unit
(ROWPU) and Consideration of Reverse Osmosis (RO) Bypass, Potable-Water Disinfection,

and Water-Quality Analysis Techniques; and Vol. 9, Data for Assessing Health Risks in

Potential Theaters of Operation for U.S. Military Forces.
As indicated by the titles listed above, the nine volumes of this study contain a

comprehensive assessment of the chemical, radiological, and biological constituents of
field-water supplies that could pose health risks to miiitary personnel as well as a detailed

evaluation of the field-water-treatment capability of the U.S. Armed Forces. The

scientific expertise for performing the analyses in this study came from the University of

California Lawrence Livermore National Laboratory (LLNL) in Livermore, CA; the

University of California campuses located in Berkeley (UCB) and Davis (UCD), CA; the

University of Illinois campus in Champaign-Urbana, IL; and the consulting firms of IWG
Corporation in San Diego, CA, and V.J. Ciccone & Associates (VJCA), Inc., in Woodbridge,
VA. Additionally a Department of Defense (DoD) Multiservice Steering Group (MSG),

consisting of both military and civilian representatives from the Armed Forces of the

United States (Army, Navy, Air Force, and Marines), as well as representatives from the
U.S. Department of Defense, and the U.S. Environmental Protection Agency provided
guidance, and critical reviews to the researchers. The reports addressing chemical,

radiological, and biological. constituents of field-water supplies were also reviewed by
scientists at Oak Ridge National Laboratory in Oak Ridge, TN, at the request of the U.S.

Army. Furthermore, personnel at several research laboratories, military installations, and

agencies of the U.S. Army and the other Armed Forces provided technical assistance and
information to the researchers on topics related to field water and the U.S. military
community. L" I t: I•e
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EVALUATION OF MILITARY FIELD-WATER QUALITY

Volume 5. Infectious OrgamLs= of Ml.itpy Concern

Associated with Consupti:i A==sent

of Health Risks and Reccrnmedatinams fcr

Eablishing Related Standards

ABSTRACT

Considerable interest exists in establishing realistic standards for water quality as

related to the transmission of infectiouis disease. The development of such standards is a

complicated task that consciously, and frequently subconsciously, involves the concept of

risk assessment. In the context of our study, risk assessment involves the relationship

between the concentration of a pathogen in water and the likelihood of disease occurring

in individuals who d&ink the water. A mathematical model was developed to take into

account the variability of the pathogen concentration in water, and hence the dose, as well

as the biological variability inherent in the dose-response relationship. An interactive

computer program was developed that allows the user to select the organism of interest,

the amount of water consumed, the treatment-alternative removal rate, the pathogen

concentration, the dose-response model, and the number of susceptible individuals. Based

on the users' selections, a computer-generated risk curve is produced.
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INTRODUCTION

This volume is divided into two parts, a main body and accompanying appendices.

The report is the discussion of health risks and recommendations for establishing standards

for infectious organisms in drinking water. It includes the screening methodology used to

identify high-priority waterborne pathogens; the mathematical model developed to assess

the health risks associated with these pathogens; and recommendations based on use of the

model for the development of appropriate drinking-water standards. In cases where

certain information on an infectious agent is either lacking, ambiguous, or contradictory,

the most conservative data are used in the application of the assessment model. The

appendices represent the data base used for a.ssessing the health risks. Emphasis in these

appendices is placed on the occurrence and concentration of the pathogen in the

environment, dose-response relationships, and indicator organism-pathogen relationships.

Readers desiring further details or support of statements made in the report should refer

to the appropriate appendix.

The first step in quantifying health risk required the development of a detailed

description of the risk and consideration of known factors contributing to this risk. As

indicated in Fig. 1, the risk of illness is dependent upon the interaction of human,

environmental, and exposure factors. Ideally, the risk could be calculated based on

exposing a user population to various concentrations of the pathogens of interest. The

incidence of adverse reactions would then be measured and the level of risk calculated.

Obviously, such studies cannot be performed. However, an approximation can be made by

using data from outbreak reports, epidemiological studies, and animal or human feeding

studies.

SCREENING OF WATER-RELATED DISEASES

The general procedure used for identifying diseases, and ultimately the pathogens of

concern, is shown in Fig. 2. As presented, the first step involves the identification of, as

well as the gathering of data on, the prevalence, morbidity, and mortality of all

water-related diseases.

In general, water-related diseases affecting man's health are widespread throughout

the world but are most abundant in developing countries. To identify those pathogens that

present the greatest risk to military personnel, a list was compiled (Table 1) of the

communicable diseases in man1 that are transmitted via water. Data on the prevalence,

mortality, and morbidity of water-related diseases are shown in Tables 2 through 4.

Table 2 identifies the most significant water-related diseases endemic to less-developed

2
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Figure 1. Factors associated with health risks from drinking water.
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Figure 2. Diagram of generalized screening procedure. A - listing of water-related
diseases by transmision route; B reported data on prevalence, mortality, and morbidty.
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Table 1. Water-related diseases (worldwide).

Water-related diseases

Bacterial Viral Parasitic

Aeromonas Enterovirus diseases Acanthamebiasis

Cholera Gastroenteritis Amebic dysentery

Conjunctivitis (Norwalk agent, rotavirus) Ascariasis

Dermatitis Hepatitis A Balantidial dysentery

Leptospirosis Arboviral diseases Dracontiasis

Melloidosis Giardiasis

Salmonellosis Hookworm

Shigelosis Malaria

Typhoid fever Meningoencephalitis

Trachoma Onchocerciasis

Travelers' diarrhea Schistosomiasis

Tularemia Sleeping sickness

Yersiniosis (Trypanosomiasis)

Trichuriasis

countries based on estimates of prevalence, mortality, and morbidity. Table 3 provides an
estimate cf the prevalence (as a percentage (,f the population) of the major water-related
pathogens in developing countries, as well as the United States. Table 4 summarizes the

etiology of waterborne disease outbreaks in the United States for the period 1946 to 1974.
As shown in Table 4, roughly half of the outbreaks (48% from private water systems and

52% from public water systems) were reported as acute gastroenteritis, for which no

etiological agent was found. Recently, however, several etiologic agents (including

Glardia lamblia, Yersinia enterolitica, enteropathogenic Escherichia coli. Norwalk agent,

and rotavirus) have been identified as the causative agents for many of the disease
outbreaks associated with drinking water. Therefore, it is likely that some of the earlier

cases of gastroenteritis of unknown etiology were caused by these agents.
Water-related diseases were then classified by route of transmission. In this

consideration, a distinction was made between various types of disease and the importance

of water in their transmission. This approach has been suggested by White and Bradley

4
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Table 2. Prevalence, mortality, and morbidity of major water-related diseases of Africa,
_Aia, and Latin America.a

Prevalence Deaths Disease
Infection Groupb (103 infections/y) (103/y) (103/ly)

Diarrhea I/Il 3-5,000,000c 5-10,000 3-5,000,000
Amebiasis I/H 400,000 30 1,500

Ascariasis I/u 800,000-1,000,000 20 1,000

Poliomyelitis 1 80,000 10-20 2,000
Typhoid 1/9I 1,000 25 500

Schistosomiasis 1I 200,000 500-1,000 20,000

Malaria IV 800,000 1,200 150,000

Onchocerciasis
Skin IV low 2-5,000
River blindness IV 30,000 20-50 200-500

Filariasis IV 250,000 low 2-3,000
Dengue IV 3-4,0C0 0.1 1-2,000
Hookworm d 7-900,000 50-60 1,600
Trichuriasis d 500,000 low 100

a Adapted from Ref. 2.

b Groups: I - waterborne, U - water-washed, MI - water-based, IV - water-related
insect vectors.

c 3-5,000,000 means 3,000 to 5,000,000,000 infections/y.

d Transmitted by contact with contaminated soil

and is based upon four mechanisms by which disease may be related to water. Table 5

provides a summary of the classification scheme, and Table 8 outlines the causative
factors and corresponding preventive strategy for each trarsmission categrry.

The final screening task was to compare the reported prevalence, mortality, and

morbidity data against the list of diseases and to identify those diseases. requiring study.
Diseases marked with an asterisk in Table 7 were evaluated within this study. The other

diseases are covered in a companion report on water-washed and water-based discases.14

5
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Table 3. Typical prevalence of infectiows.

Prevalence

Developing countrya United States

Pathogen % of population Ref.

Enteric viruses 5 - -
Salmonella 7 <1 4

S7 <1 5
Vbrio cholerae 1 - -

Pathogenic Eschsrichig coli - 1-6 6
Entarnoeba histolytica 30 0.6-5 7
Ascaris 60 1-12 8
Trichuris 60b - -
Hookworm 40b 2.7 9
Schistosoma mansoni 25 --

Taenia saginata Ic -
Giardia lamblia 3.8-9.2 7

a Adapted from Ref. 3.

b Transmitted by contact with contaminated soil.

C Transmitted by eating raw or inadequately cooked, contaminated meat.

WATERBORNE DISEASES

A waterborne disease is one in which water acts as the passive vehicle for the
infecting agunt. This category is composed of pathogens originasing in fecal material and
transmitted via drinking water. Poor water quality, in a biological sense, is the
predominant factor governing the incidence of these diseases.

WATER-WASHED DISEASES

Water-wasied diseases are of two main types. The first type involves infectior~s of
the intestinal tract, generally through the fecal-oral mute, and often leads to diarrhea.

6
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Table 4. Water-related disease outbreaks in the United States, 1946 to 1974.a

Public water systems Private water systems

Disease Number Percent Number Percent

Gastroenteritis (unknown etiology) 71 52.2 153 47.6

Infectious hepatitis 22 16.2 44 13.7

Shigellosis 13 9.6 33 10.3

Chemical poisoning 8 5.9 13 4.1

Giardiasis 7 5.1 8 2.5

Typhoid 6 4.4 51 15.9

SalmoneUosis 6 4.4 9. 2.8

Amebiasis 1 0.7 4 1.3

Poliomyelitis 1 0.7 - --

Enteropathogenic Escherichia coli .... 4 1.3

Tularemia - - 2 0.6

Leptospirosis 1 0.7 -

Total 136 100 321 100

a From Refs. 10 and 11.

The second type involves infections of the skin and eyes. The availability of water for

personal hygiene, regardless of quality, appears to play a major role relative to the spread

of these diseases.

WATER-BASED DISEASES

Water-based diseases include those infections where a necessary part of the life

cycle of the infecting agent occurs in an aquatic animal (e.g., snail) and repeated

infections are necessary to build up a debilitating number of parasites in humans. All such

infections are caused by parasitic worms; for example, the worm penetrates the skin, as

with schistosomiasis, or is ingested, as with guinea worm. Diseases in this category result

primarily from contact with the source of the water supply.

7
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Table 5. Classification of water-related diseases.a

Transmission
category Transmission pathway

Waterborne Fecal-oral infections via ingestion of drinking water.

Water-washed Fecal-oral infections via direct contact with wash water (e.g.,
swimming, washing, laundering, etc.).

Skin and eye infections via direct contact with wash water.

Water-based Helminth (parasitic worm) penetrates skin or is ingested.
/

Water-related Insects breed in or bite near water.
insect vector

a Adapted from Refs. 12 and 13.

Table 6. Cause and prevention of water-related diseases.a

Transmission category Causative factors Preventive strategy

Waterborne Poor quality of water Improve water quality.

Water-washed Insufficient quantity Increase water quantity.
of water Improve hygiene.

Water-based Contact with source Decrease need for contact.
of water supply Control snail population.

Water-related insect Proximity to water Improve water management.
vector and related vectors Decrease need to visit breed-

ing sites.

a Adapted from Refs. 12"and 13.

8
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Table 7. Water-related diseases and routes of transmission.

Routes of transmission
Water-related diseases (worldwide) Waterborne Water-washed Water-based

Bacterial diseases
Bacillary dysentery (Shigella spp.)* X X
Cholera (Vibrio cholerae) X -

Diarrhea (CamTylobacterV X -

Diarrhea (.sciherichia coii)" X X -
Leptospirosis (Le~tosgira spp.) X X -
Salmonellosis (Salmonella spp.)* X X
Typhoid fever (Salmonella ty34t)* X X
Skin infections (Pseudomonas spp. and

Staphylococcus spp.) - X
Yersiniosis (Yersinia spp.)° X -

Viral diseases
Enteroviruses" X X
Gastroenteritis, Norwalk agent

and rotavirus* X -

Hepatitis A (hepatitis virus)* X X

Parasitic diseases
Acanthamebiasis (Acanthamoeba spp.) X -

Amebic dysentery (Entanioeba histolytica)* X -

Ascariasis (Ascaris lumbricoides) X X
Balantidium dysentery (BaLantidium coli) X X
Dracontiasis (Dracunculus medinensis) - - X
Giardiasis (Giardia lanblia)* X -

Meningoencephalitis (Naegleria spp.
and Acanthainoeba spp.) X X

Schistosomiasis (Schistosoma spp.) - - X

Indicates that the risk assessment was conducted in this study.

WATER-RELATED INSECT VECTORS

The category, water-related insect vectors, includes those diseases that are spread

by insects that either breed in water or bite near water. Malaria and yellow fever are

transmitted by mosquitoes that breed in water, whereas trypanosomiasis (Gambian

sleeping sickness) is transmitted by the tsetse fly that inhabits areas near water. A

person's proximity to water and to related insect vectors is an important factor in the

transmission of this disease type. Diseases in this latter category, however, are not

included in this report because the military has assigned them to a separate program.

9
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DATA-BASE DEVELOPMENT

LITERATURE COMPILATION

To achieve an adequate literature review, a systematic work plan was constructed as
shown in Fig. 3. The emphasis was primarily on recent literature (after 1970).

The criteria shown in Table 8, selected for each disease agent, were derived from a

study of baaic reference works, recent review articles, the periodical literature, and an
overview of related subjects in published collections of journal abstracts. The review

involved the following sequence:

* Identification of relevant infectious agents criteria;
* Assembly of bibliographic references;
* Acquisition of pertinent literature;
a Extraction of relevant information;

* Development of a computerized index and data base;

• Evaluation of the data.

As shown in Fig. 3, generation of the data base was cyclic (i.e., continually updated.
thus including most, if not all, of the current literature pertinent to the investigation). It
is estimated that approximately 3200 relevant abstracts were scanned for selection of

those most appropriate. The journals, WRC Information* and Current Contents,T were
reviewed for pertinent material. In addition to the manual methods of literature review,

the Medline and Aqualine computer data bases were used to retrieve relevant abstracts.
Medline corresponds to three printed indices: Index Medicus, Index to Dental Literature,

and International Nursing Index, covering over 3000 international journals. Aqualine
provides access to information on every aspect of water, wastewater, and the aquatic

environment, citing over 400 worldwide periodicals, research reports, books, etc. From
the aforementioned lists of abstracts, approximately 1200 articles were retrieved and
read, and approximately 700 were abstracted and included in the data base. From the 700
articles, books, reports, proceedings, and other sources, approximately 500 abstracts were

WRC Information is the weekiy journal of the Water Research Center, Medmenham,
Marlow, Bucks• SL72HD, UK.

t Current Contents is a journal for life sciences and agriculture, biology, and
environmental sc" es. It is published by the Institite for Scientific Information,
Philadelphia, PA 19104.

10
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Figure 3. Diagram of general data-base development plan.

chosen for reference and inclusion in this report. We believe that we have identified most,
if not all, of the pertinent literature retrievable by feasible methods.

DATA BASE

A significant portion of the literature was devoted to the development of a
computerized, command-driven, relational data-base system. The dBase aI system,
developed by Ashton-Tate,1 5 was the data-management software used for this task; the
software and manuals are readily available. Over 700 articles are included within this
data base. The data-base files, together with the dBase U software, allow easy access and
retrieval of the key criteria listed in Table 8. A sample printout from the data base for
one complete article is shown in Table 9. The data-base key is shown in Table 10.

RISK-ASSESSMENT METHODOLOGY

Risk assessment, in the context of this project, ccncemrs the relationship between
the concentration of a pathogen in water and the likelihood of disease occurring in troops
who drink this water. Figure 4 is a diagram of this relationship that stresses the
variability of the pathogen concentration in water and, therefore, the dose, as well as the
biological variability inherent in the dose-response relationship. In this conceptualization,

11
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Table 18. Infectious agent criteria.

Criteria categories Category content

Occurrence Worldwide distribution of disease

Latency Incubation period

Persistence Survival time in final infective stage
Infective dose D~ose data
Attack rate Response data

Multiplication Multiplication outside human host
Route of transmission Waterborne, water-washed, etc.

Disinfectant resistance In disinfected water

Indicator organism-pathogen relationships Coliform numbers relative to pathogen
concentration

Prevalence Infection rate

we recognize wide variations in the concentrations of pathogens that might be

encountered in the field, and we account for this variability to arrive at a rzalistic

estimate of the risk of disease. Moreover, the classical dose-response relation links a

particular dose with the fraction of an exposed population responding. The slope of this

curve is a descriptor of the biological variability in the population response to this agent.

A steep slope corresponds to a low level of variability; conversely, a flat slope corresponds

to a high level of variability. When considered together, both sources of variability lead

no~t to a specific level of risk, but to a distribution of risk across the exposed population.
Here the term "risk" is used to denote the fraction of a large population that will develop

the disease. The important conclusion is that risk is inherently probabilistic, and its
assessment must be carried out in that context.

If we were dealing with large numbers of mxposed individuals, the issue would be to

estima te the risk distribution shown in the top right diagram of Fig. 4. However, the

* present problem is more complex because the number of troops exposed to a given dose

may be small. We chose to deal with this. by assuming that each individual within a squad

* or platoon-sized group was exposed to the same dose and that the total number of troops
was comprised of these smaller dose units. Therefore, our attention is focused on the

small group and the probability of illness therein.
Before becoming immersed in the detail of these calculations, we consider first the

form of the final result because its interpretation is not intuitively obvious. The final

12
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Table 9. Sample data-base pzintout.

RECORD 0 00020
REFCODE : Craun 78:
SEONUM :2:
CITATOR :pgb:
AUTHOR:LST:Craun G.F.

TITLE :"Waterborne Outbreaks of Clardiasism in Jakubowski &
Hoff, eds.. Waterborne Transmission of Glardiasis: Proceedings of a
Symposium. US EPA

CITATION :EPA Office of R&D, Env. Research Center. Cincinnati, Ohio

YEAR :(1978) :
KEY:WORD :Glardiasis, chlorination. filtration. outbreak, coliform
count. GiCardla lamblia, giardlasis

LOCATION -worLdwida
LATENCY :Y:
ATKRT :Y:
PESIST :Y:
MID :N:
PROPHO :Y:

RECORD 0C0020
CONENV :fresh
DISINTYPE :

RECORD 900020
REFCODE : Craun 78:
ABSTRACT : Data are prezented on waterborne outbreaks of
ABSI : glardlasis affecting travelers to foreign countries,
ABS2 : asp. the USSR. and res-idents In the US. 23 outbreaks :
ABS3 : on the US reported sinci 1965. Usually In mountainous
ABS4 : areas of the US: New England, the Pacific Northwest. :
ABS5 : and the Rocky mountains. Genera~ly involves small
ABS6 : municipal systems. or ml--publlc •starms, or
ABS7 : untreaetd water. Mcat coma from ccnsumring
ABS8 : untreated or only chlorine treated surface water.
ABS9 : Negative results of coliform tests do not provide a
ABSIO : guarantee that water is frte of Glardla cysts. Attack
ASSI I : rate is of visitors to Lonirrad who drank tap water. In :
ABS12 : Co!orado mountain streams, there are up to 500 focal
ABSIS3 : collforms /100ml. This figure may be low. In the
ABSI4 : Rome, N.Y. outbrock, with 4800 came, one cyst was
ABS15 : il:-ated from I million liters of raw watet from the
ABSI6 : plant intake.

13
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Table 9. (Continued)

RECORD # 00020
REFCOOE : Craun78
LAT:MAX : 56
LAT:MIN : 7
LAT:AVE
"ATKRTEMAX: 330
ATKRTEMIN : 230
ATKRTEAVE :
PESIST :2 to 3 months in host.

MULTOUTHST :no :
MIDMAX :
MDMIN
MIDAVE
RTETRANS :fecal-oral :
SIC2MAUN :? :
PROPHO *.yesPROPHOTYPE :Filtar water in addition to chlorination of surface"water, prcceded by sedimentation or coagulation.

OPPORTUNE
OPTENVTEMP :low
OPTENVSAL :

RECORD # 0020
OPTENVPH : :
ENVRANGE :
DOSEI : :
DOSE2 : :
DOSES : :
DOSE4
DOSES
RESPI
RESP2
RESP3
RESP4
RESP5
INDPATH :Negatve results cf coliform tests don't provideassurance that water is free of Glardl3 cysts. Positive results oftencorrelate with outbreaks.

14
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Table 10. Data-base key.

Field Item

REFCODE reference code
SEQNUM sequence number
CITATOR initials of citator
AUTHOR:LST list of authors
TITLE title of article
CITATION journal, book, report
YEAR year of publication
KEY:WORD list of key words
LOCATION country, state, city of research
LATENCY information in article, yes or no, Y/N
ATKRT attack rate information in article, Y/N
PESIST persistence information in article, Y/N
MID median infective-dose information, YIN
PROPHO prophylactic information, Y/N
CONENV type of water in which the organism is found
DISINTYPE type of disinfectant
ABSTRACT citator abstract
LAT:MAX, LAT:MIN, LAT:AVE maximum, minimum, average latency data
ATICRTEMAX, MIN, AVE maximum, minimum, average attack rates
MULTOUTHST multiplication outside host
MIDMAX, MIDMIN, MIDAVE median effective-dose data
RTETRANS route of transmission
SIGIMMUN immunity data
PROPHOTYPE prophylactic type
OPPORTUNE opportunistic organism
OPTENVTEMP optimum environmental temperature
OPTENVSAL optimum environmental salinity

SOPTENVPH optimum environ.mental pH
ENVRANGE description of environmental conditions of research
DOSE1 disinfectant dose
RESPi organism response
INPATH indicator pathogen relationship

15
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Figure 4. Relationship between dose distribution, dose-response curve, and risk of illness.

result is shown conceptually in the bottom diagram of Fig. 4. Figure 5 shows an example

of an actual risk curve. These are cumulative distributions that give the probability that

the fraction of troops that become ill !s less Zhan or equal to the number on the abscissa.

For example, for the high-risk scenario, where there is no treatment of heavily
contaminated water, the probability is 0.28 (line A in Fig. 5) that the fraction of troops ill

will be less than or equal to 0.4. For that same fraction Ill the corresponding cumulativ,
probabilities for the medium-risk and low-risk scenarios are 0.53 (line B) and 0.85 (line C),

respectively. These numbers can be put in perspective by noting that a risk-free situation

would be one in which the probability is that the fraction ill is zero or, on the figure, the

risk-free situation could be depicted by a single point at (1,0). Hence, the lower the risk,

the closer the cumulative distribution will be to this point. These cumulative curves
frequently begin at nonzero probabilities, as exemplified by all three curves in Fig. 5.

These values give the probability that no illness will occur-, this is consistent with the

risk-free limiting situation disc.ied previously.

A final comment on the interpretation of the cumulative-probability curves is

suggested by the high-risk curve in Fig. 5. Note the abrupt change in slope at the illness

fraction of 0.9. This abruptness is, in part, an artifact of the method of plotting the data;

18
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Figure S. Cumulative-risk curves showing effect of change in treatment efficiency on the

risk of becoming ill with typhoid fever. AlI curves were determined using (1) n - 20 troops

and Ill - divjase symptoms; (2) a logistic dose-response relationship; (3) a dose distribution

with a q.-anmetric mean (GM) - 172 organlsms/L and a geometric standard deviation

(GSD) - 99; and (4) treatment efficiency equivalent to either no treatment, 1 to 2 log

removals, or 2 to 5 log removals (as noted in figure). Log removal(s) - the logarithm of

the factor of reduction in number of organisms per liter (e.g., if initial concentration of

organisms - 106/1L and this concentration of organisms is reduced by treatment to 250/L,

then log. 0 [106/250] - 3.6 log removals).

however, the curve does have the general shape shown. In particular, the probabilities

given for the illness fractions of 0.9 and 1.0 are exact. The differefice between these two

probabilities is the probability that the illness fraction will lie in the interval between 0.9

17
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and 1.0, in this case about 0.50. This situation is clearly one of high risk. The point,

however, is that the difference in probability at any two points on the cumulative curve

gives the probability that the illness fraction lies between the corresponding points on the

abscissa.

LINKING EXPOSURE TO RISK

Linking exposure to risk requires first that the distribution of pathogens in the raw

water be specified; that is, the parameters describing this distribution are input data to

the risk-analysis procedure. The second input is a dose-response function that is assumed

to be known without error. Subtle distinctions exist between uncertainty and real

environmental variability. A major component of this analysis is dealing with variability

in the dose that may be encountered by troops. The possibility of also dealing with

uncertainty in the dose-response relationship is a subject for future research.

If the pathogen distribution is assumed to be specified, the next step is to determine

the relationship between concentration in the raw water and dose to the squad. Two other

factors that we consider are treatment efficiency and the volume of water consumed. The

dose-concentration relation is then:

D- V (1 -)C (1)

where

D - number of organisms consumed,

V - volume of water consumed,

E - fraction of organisms removed by treatment, where 1 equals complete

removal,

C - concentration of organisms in raw (untreated) water.

As with the concentration of organisms in the raw water, both treatment elficiency

and the volume of water consumed are subject to variability. Because of the

multiplicative relation given in Eq. (1), the variability of V and E clearly contributes to

that of D. Therefore, the task is to determine the distribution of D from that of V, E, and

C. That is, the distributions of volume consrumed and of treatment efficiencies are also

data inputs zequired to accomplish this calculation. Figure 6 shows these distributions

schematically. For this analysis we assumed the pathogen concentration distribution to be

lognormal,1  the treatment-efficiency distribution to be uniform, and the consumption

distribution to be normal. Use of the lognormal distribution to represent the

18
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U. L6 U.

V E C
(Volume) (Treamernt efficiency) (PaIhorgn concentration)

U.a
a.

(Don distribution)

Figure 6. Dose-probability distributions. PDF - probability density function, which

indicates the probsbility that the value of a continuous ranmom -a-.eiable will be less than
or equal to a specific value selected on the x axis (e.g., V, F, •C, or D).

concentration of pathogens (c) in water is well setablished in the literature.16' 1 7 Data
were not available to support use of the uniform distribution to represent treatment
system efficiency (E) and the normal distribution to represent the volume of water (M)

consumed. However, use of these distributions appears both reasonable and practicable,
given the lack of data.

The mixture of distributional forms adopted for V, E, and C means that an analytical
approach to the calculation of the probability density function of dose, PDF(D), would not

be practical. Therefore, a Monte Carlo approach was taken, which involves random

selection of samples from the V, E, and C distributions and calcuh.'tion of a value for D.
Repetition of this process many times results in an estimate of the distribution of D. The

larger the number of repetitions, the better the estimate of PDF(D). However, because

19
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the distribution of D is only an intermediate step on the way to the calculation of the risk

distribution, g(O), where e - proportion ill at dose D, and because the dose-response

function is assumed to be known exactly, it is possible to obtain a value directly for each

set of values of V, E, and C. That is, the Monte Carlo process results in an estimate of g(91.
Four mathematical models 18' 19 were chosen to represent the dose-response data

found in the literature. These include

Logistic:

e -1'(2)
1 + -(M + N log D)

where

e - fraction of an exposed population that becomes ill (i.e., response to a given

dose),
M - shape parameter for the distribution,

N - shape parameter for the distribution,

D - dose of organisms.

Beta:

-1-[1* (DiP) (- 3)

where

e - fraction of an exposed population that becomes ill (i.e., response to a given
dose),

D - dose of organisms,

13 - shape parameter for the distribution,

- shape parameter for the distribution.

Exponential:

0 - - e-rD, (4)

where

0 - fraction of an exposed population that becomes ill (i.e., response to a given

dose),
r - fraction of an exposed population that becomes ill per unit dose,

D - dose of organisms.
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Lognormal:

e 1 f e'z /2dz , (5)

where

-_ <z <Z,
o -" fraction of an exposed population that becomes ill (i.e., response to a given

dose),
Z - an upper limit of (ln D - pg)/at,
D - dose of organisms (number),

"In (GM),
at = In (GSD).

For any particular pathogen, the model is matched to the data by finding the model
parameters that give the best fit, usually in a least-squares sense. Definitions for the
parameters within these equations are shown in Table 11. We will discuss the equation
parametere for the logistic model in the next section; the calculations are shown in
Table 12. References 18 and 19 should be reviewed for calculation of the parameters
associated with the beta, exponential, and lognormal models.

Recall that the risk, 8, is the fraction of an exposed population that becomes ill.
Hence, e ranges fromn zero to one, and its distribution is continuous over this interval. The
beta-distributional form has these properties and, for theoretical reasons that will be
discussed, it is convenient to treat g(9) as being beta-distributed. The values of e obtained
from the Monte Carlo simulation are then used to estimata the parameters of the beta
distribution describing g(e).

The problem now addressed is that of calculating the distribution of the number of
illnesses, x, in a group of n men exposed to a risk of disease given by C. To accompiish this
task, we assume that the conditional distribution f(x le) is binomially distributed. This is
a sensible assumption because the fraction ill would be e if the groutp were very large. The
binomial assumption is then:

f (x I e) _ (n) ox (1 _ e)n-x. (6) ,

Now, according to the definition of conditional probability,

f (x 1a) = f (xG)/g(e) for 0 < e < 1; 0 < x < n; or

21
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Table 11. Parameter definitions.

Symbol Definition

S-mean
S standard deviation

a lower treatment efficiency

b upper treatment efficiency

GM geometric mean

GSD geometric standard deviation
X.i uniform random number (0,1)

m desired number of different values

A,C coefficients <m

R normal random deviate

X19 X2 pair of uniform random numbers

E W treatment efficiency (uniform distribution)

C - pathogen concentration, organisms/liter (lognormal distribution)
V M volume of water consumed, liters (normal distribution)

D M dose of organisms (number)

e response (the proportion ill) to a given dose (D)

M,N W logistic dose-response equation parameters

a, - beta dose-response equation parameters
r M exponential dose-response equation parameters

,4 - estimates of beta-distribution parameters
h(x) W probability of x illnesses or less

x M number of ill troops

n M number of exposed troops

-t In (geometric mean, GM)
at In (geometric standard deviation, GSD)

X - mean of responses (e)

S2  - variance of responses (0)

22
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Table 12. Example of logistic dose-response calculation.

Consider the following dose-response data for a bacterial pathogen:

Dose xi - log (dose) ni (subjects) •i (response)
(organisms)

1 x 10 4  4 10 0.01

5 x 10 5  5.7 10 0.1

5 x 10 7  7.7 10 0.5

xi - log (dose) yi -n[A/(1-1b] wi - ni A (1-j)

4 -4.59 0.099

5.7 -2.20 0.9

7.7 0 2.5

The transformed p values or "logits" (yi) with weights w give
_ xwixi

X -- -7.08;
1W i

_ IwiiY- - - -0.59;
Xwi

•wi (X i- ) (yi - 7 0

X(x i - X -ý -3
ý& -' -• -3.17.

These three estimates yield the estimated relationship between the dose (xi) and response

data (Yi or 7) as follows:

01 - -3.17 + 0.35xi

and the logistic equation is:

1 + e--317 + 0.35 xj)

Note: p is equal to 0 within the risk model; I is equal to M within the risk model: is equal
to N within the risk model.
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f (xe) - f(x le) goe), and

h(x) - f(xl6) goe) de - f[(),x (i -oPX] ep-I -0) q-1 d
0 0 (p,q)

, (n) (P + x, n+q - x)

O(Pq)
where, as discussed above, g(e) is assumed to be beta distributed and is given by:

e0)- epI( ,- e) q-1 (8)0(p~a •[8

The function O(p,q) -. r (p) r (q) / r (p + q), where r(.) is the gamma function.
Recall that g(e) was generated by a Monte Carlo procedure. These data are used to

estimate the parameters of the beta distribution by use of the following equations:

- -(1- - S0- /2S, and (9)

where Xeand S2 are the sample mean and variance of the risk values e generated by the

Monte Carlo procedure.
The expected number of illnesses is then

Ex(x) - (np) / (p + q),, (11)

with the corresponding variance

Var(x)M 2 (2 + q + n) (12)
(p+4)j (p+q.+1)

A simplification in Eq. (7) occurs when the estimated values of p and q can be

rounded to the nearest nonzero integer value. Then, if p becomes j*(an integer) and q

becomes q, the distribution of h(x) is as follows:

,,(, •+,-I ,q+ -x- ,
hx ( -x (13)

(5+,i+n-x-,
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It is called the negative hypergeometric distribution. Equation (13) is used when the
gamma function (r) of a number greater than 25 is required. This modification allows for

the calculation of h(x), using Eq. (10), when the p and q values are less than 1.

COMPUTER PROGRAM

To calculate the likelihood of illness, h(x), among a group of n individuals, it was

necessary to write a computer program using the equations discussed in the previous

section. The main program, including its 19 subroutines, is contained in a separate report. 2 0

The flowsheet shown in Fig. 7 illustrates the information required as input to the

model by the user, the various calculation steps, and the output of the model.

EXAMPLE CALCULATION

The following example is presented to illustrate how the program functions. Input
data (Fig. 7, Step 1) for the example are shown in Table 14. As shown, ten random samples
will be generated; the mean and standard deviation of the volume of water consumed is set
at 10 and 1 L/d, respectively. The treatment-unit efficiency ranges from 99 to 99.999%
removal; the geometric mean and geometric standard deviation of the concentration of
organisms in the raw water supply are set at 172 and 99 organisms/L, respectively; and the

dose-response equation selected is logistic with the parameters for the equation
identified in Table 14. (See Table 12 for an example of parameter calculation.) The

number of troops at risk is set at 20 persons.

Once the user supplies the above input data, Step 2 is followed to calculate five

uniform random numbers as shown in Table 13. Five uniform random numbers are
necessary because two random variables (i.e., pathogen concentration and water volume

consumed) are calculated using random normal deviates, each of which is computed from
two uniform random numbers (see Step 3), and the third variable (i.e., treatment

efficiency) only requires a single uniform random number (note: random variables xI and
x2 in Table 13 are used for the dri.king-water volume; x3 is used for treatment efficiency;

and variables x4 and x5 are used for the pathogen concentration).
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User supplies data:

Volume: I and s
Treatment (% wreoval): Range

Step 1 Fethoon corretatoua: GM and GSD
Dose-spons. equation
Dos. response coefflicent
Number of troops
Number of random samples

Step 2 Gerterate uniform randomn number i

Step 2 Xj - (A xf, + C) (modulo m)

Generate normal random deviate
Step 3 R -2 In x cos (2xx2)

sample treatment efficiencies
Stop 4

E- a + (b - a)X4

Sample pathogen concentratn
Stop 5 C -. ,.,

Sample volume consumed
Step a

V - SR +

(continued on next peps)

Figure 7. Flowsheet for risk-assessment model. See Table 11 for parameter definitions.
(R in step 5 is calculated using random numbers x4 and x5 from Table 13 in equation in

step 3; R in step 6 is calculated using random numbers x, and x2 from Table 13 in equation
in step 3).
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Figure 7. (Continued)

Step 4 is used to calculate the treatment efficiency based on the following equation:

E . a + (b - a) (xi, (14)

where E equals treatment efficiency as a decimal fraction, a (minimum) and b (maximum)

represent the range of input treatment efficiencies, and xi is a tniform random number

where i - 3, the number of the random sample as shown in Table 13.

For this example, E - 0.991383 as shown in Table 13. The calculation, using Eq. (14)

is as follows:

E - 0.99 + (0.99999 - 0.99) (0.13899) - 0.991388.
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Table 13. Example of inodel output: Salmonella t.yli.

Xl x2 x3 X4 x5

Random x. - 0.16157 0.43080 0.13899 0.63593 0.11019

V M 8.26830

E - 0.991388

C- 4979.54

Dose is: 354.555

Dose - 354.555 Log of dose - 2:54968 0 - 0.441801E-01

0-0.174 q- 1.55
Ex(x) - 2.02 Var(x) - 14.4

Distribution of risk:
Number of troops - 20

Number of Fraction of 1- Cumulative
ill troops ill troops h(x)a Cumulative h(x)b probabilityc

0 0.00 0.604 0.605 0.395

2 0.10 0.058 0.765 0.235

4 0.20 0.031 0.838 0.162

6 .0.30 0.021 0.885 0.115

8 0.40 0.015 0.918 0.082

10 0.50 0.011 0.943 0.057

12 0.60 0.009 0.962 0.038

14 0.70 0.006 0.977 0.023

16 0.80 0.005 0.988 0.012

18 0.90 0.003 0.996 0.004
20 1.00 0.001 1.000 0

a The probability that exactly x out of n (in this case n - 20) troops are ill.

b The cumulative probability that x or fewer troops will be ill.

c Th6 "risk" that more than x troops will be ill.
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Table 14. Example of model input parameters: Salmonella tyrhi.

Input parameters Value

Number of random samples 10
Seed for random-number generator 1234
Arithmetic mean of volume (X) 10
Arithmetic standard deviation (S) of volume 1
Minimum treatment efficiency (a) 0.99000
Maximum treatment efficiency (b) 0.99999
Geometric mean (GM) of pathogen concentration (organisms/L) 172

P11 - In (GM) 5.14749
Geometric standard deviation (GSD) for pathogen concentration 99

a - in (GSD) 4.59512
Dose-response equation Logistic
Dose-response parameter M -7.99340
Dose-response parameter N 1.92930
Number of troops 20

Step 5 is used to calculate concentration of the pathogen based on the following

equation:

C - eQa(R) + (15)

where C equals the concentration of the pathogen in organisms/L, a and p., equal the
natural log of the geomoetric mean and geometric standard deviation supplied by the user
in Step 1; and R equals a normal random deviate calculated in Step 2. The R for this
example, as shown below, is equal to 0.73241 based on the use of x4 and x5 from Table 13
(note that the product of 2 1 0.11019 must be in radians).

R - -2 In (0.63593) cos (2 i 0.11019) . (16)

For this example, C - 4979 organisms/L as shown in Table 13. The calculation, using

Eq. (15), is as follows:

C - e(ln 99)(0.73241) + (in 172) .4979.
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Step 6 is used to calculate the volume of water consumed per day based on the
following equation:

V - SR, + (17)

where V equals the volume of water consumed in L/day, S and X equal the standard
deviation and mean for the normal distribution of water consumption supplied by the user
in Step 1, and R is a normal random deviate calculated in Step 3. Following Eq. (16), the R
value for calculating the volume consumed is equal to -1.7317 basedl on the use of xI and
x2 in Table 13.

For this example, V - 8.27 L/d as shown in Table 13. The calculation, using Eq. (17)

is as follows:

V - (1.0)(-1.7317) + 10 - 8.27 L/d.

Based on the results of the above calculations, the dose of organisms conwuned by an
individual is calculated in Step 7 as follows:

Dose (D) - V(1 - E)C. (18)

For this exwnple, D - 355 organisms as shown in Table 13. The calculation, using

Eq. (18) is as follows:

D - (8.28)(1 - 0.9914)(4979) - 355.

Step 8 is used to calculate the expected response using one of four dose-response

equations (numbers 2, 3, 4, and 5) previously discussed. For this example, the logistic

equation, Eq. (2), was selected with the values of M and N shown in Table 14. The

calculation is as follows:

1 + e-(-7.9934 + 1.92930 log 3-54) " 0.044.

Step 9 is used to calculate the p and q parameters of the beta distribution. These

calculations are made using Eqs. (9) and (10). For this example, the ý and 4 values are

0.174 and 1.55, respectively. In Step 10, the probability of x ilhiesses or less (out of n at

risk), h(x), is calculated following either Eq. (7) or Eq. (13). As previously discussed,

Eq. (13) is used when calculation of a r(.) of a number greater than 25 is required.
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For this example, Eq. (7) was used, and the results are shown in Table 13. Tha
expected number of illnesses, Ex(x), and the variance, Var(x), of the distribution are
calculated using Eqs. (11) and (12); their values are also shown in Table 13. Plotting the
cumulative h(x) values shown in Table 13 results in the risk curve shown in Fig. 8.

The results indicate that a 90% chance exists that 40% or less of the individuals
could become ill.

1.0
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0.5 -
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Figure 8. Example of cumulative-risk curve showing the risk of becoming ill with typhoid
fever. The curve was determined using (1) n - 20 troops and ill - disease symptoms; (2) a
logistic dose-response. relationship; (3) a dose distribution with a GM - 172 orza=LmW/L
and a GSD - 99; and (4) treatment efficiency equivalent to 2 to 5 log removals,
corresponding to limits E - 0.99 to 0.99999.
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SENSITIVITY ANALYSIS

8efore using the model in the analysis of disease risks for various specific

waterborne agents, it is important to be aware of the sensitivity of the model's

predictions to variations in the input information. If, for example, the predicted number

of illnesses was sensitive to the dose-response function used, it would be important to

remember this when interpreting the results of the analysis. In the present case, the end

predictions depend on four inputs: the dose-response equation, the consumption

distribution, the pathogen-concentration distribution in the raw water, and the

treatment-efficiency distribution. Because the fit of the dose-response equation to the

data is dependent on the data quality in each case, we defer the topic to the sections of

the report dealing with the specific organisms. We discuss the other three variables in the

following paragraphs because our sensitivity analyses for them may be similar for all cases

considered.
The nornial procedure in conducting a sensitivity analysis is to select a normal or

baseline case and then perturb the input variables from this case and assess the magnitude

of the resulting output change. The greater the change in the output for a given input

change, &.3 greater the sensitivity. Generally, a certain ad hoc aspect is apparent in

defining commensurate input perturbations and deciding which characteristics of the

output are appropriate measures of change in respx)nse. Here, we simply define a 10% or

greater change in the predicted number of illnesses to be a meaningful output change. The

baseline case is defined to be one using the logistic dose-response function, a consumption

distribution with a mean of 10 L and a 10% relative standard deviation, and ,a lognormal

pathogen-concentration distribution in raw water. The perturbed cases will use a 15-L

mean consumption with the same relative standard deviation, a pathogen-concentration

distribution with the same mean but with a standard deviaticn increased by either 10- or

100-fold, and five treatment alternatives as given in Table 15.

The organism selected for study was Salmonella typhi because of the relatively large

amount of data available. The first variable investigated was the consumption volume; the

results are shown in Table 16. The predicted number of illnesses for the baseline case was

13.48 and, as can be seen, the perturbed case showed little change in either the mean or

the variance.
In the next case, we considered perturbations in the variability of the pathogen

concentration in the raw water as indicated in Table 17. Although the case witb the

largest change in the variable does result in a change in the mean of over 10%, generally,

the changes are not dramatic. The cumulative distributions of the fraction ill are shown in

Fig. 9. They support this conclusion, although all three cases are high-risk situations.
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Table 15. Treatment efficien:ies (% removal).a

Treatment alternative Virus Bacteria Parasites

No treatment (raw) 0 0 0

ROWPUb 99-99.999 99-99.909 99-99.999

Filtration and chlorination 99-99.999 99-99.999 99-99.999

Chlorination (5-10 mg/L FAC) 99-99.999 99-99.999 99-99.999

Filtration (multimedia and 5-prm filter) 0-40 90-99 90-99

a See Appendices for further details and support.
b ROWPU - reverse osmosis water-purification unit.

Table 16. Volume consumed sensitivity.

Volume (L) Ex(x)a Var(x)b Sensitivity (% difference)c

10 + 1 13.48 55.39

15 + 1.5 14.06 53.11 No (4.1)

a Ex(x) - mean of distribution for expected number of illnesses.
b Var(x) -. variance of distribution for expected number of illnesses.

c "Yes" or "No" implies whether or not the difference from the first (baseline) case can
be considered significant.

Table 17. Pathogen concentration sensitivity.

Pathogen
concentration Ex(x)a Vatjx)b Sensitivity (% difference)c

172 x 9911 13.48 55.39
172 x 9901 14.68 56.19 No (8.9)

172 x 99 00±1 15.30 55.38 Yes (13.5)

a Ex(x) mean of distribution for expected number of illnesses.

b Var(x) - variance of distribution for expected number of illnesses.

c "Yes" or "No" implies whether or not the difference from the first (baseline) case can
be considered significant.
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Figure 9. Cumulative-risk curves showing effect of organism-concentration parzmeters

on the risk of becoming ill with typhcid fever. All curves were determined using
(1) n - 20 troops and ill - disease symptoms, and (2) a logistic dose-response relationsiip.
However, a dose distribution with a geometric mean (GM) - 172 organisms/L and a

GSD - 99 was used to derive curve A; a dose distribution with a GM - 172 organisms/L and

a GSD - 990 was used to derive cvrve B; and a dose distribution with a

GM - 172 orsanlms/L and a GSD 9900 was used to derive curve C.

This case illustrates one of the pitfalls of sensitivity analysis: conclusions are conditioned

on the choice of a baseline case. Here, the baseline case is a high-.risk situation in which
the variability of the pathogen concentration is not particularly important. On the other

hand, one would expect changes in the variance of the pathogen concentration to be

important in cases where the predicted number of illnesses was low in the baseline case.
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The next variable we conrsidered was treatment efficiency. Table 18 contains the
results of the three cases considered. Not surprisingly, treatment efficiency has a large
effect on the predicted number of disease cases. The cumulative distributions are shown :

in Fig. 10 and further illustrate the importance of this variable.

Probably the most important outcome of this analysis is that the model performs
much as predicted. For example, treatment efficiency is an important variable; also, the
model is sensitive to the concentration distribution but insensitive to the consumption

distribution. It must be remembered, however, that the effect of any single variable is
conditioned by the values of the other variables that are held constant during that run.
For example, treatment efficiency would not have a particularly dramatic effect if the
concentration of organisms in the raw water was low at the outset. It does seem safe to
conclude, however, that the consumption distribution used in these analyses is unlikely to

be an important determinant of risk under any circumstances.

RISK-ASSESSMENT RESULTS

As pniwviu ,y indicated, 12 pathogenic organisms were evaluated relative to the risk
of their caus.ng waterborne illness. These organisms are identified in Table 19. A,

In this section wve discuss the effects of modifying the dose-response equation on the
sensitivity of the t.sk model. It is important to note that, when considering host response
to water-related patilogens, a distinction must be made between the two most common
end points measured: infection and disease. Infection is defined as multiplication of a

Table 18. Treatment alternative sensitivity.

Treatmenta Ex(x)b Var(x)c Sensitivity (% difference)d

Low (0) 13.48 55.39

Medium (90-99) 8.35 55.29 Yes (38)

High (99-99.999) 3.48 23.45 Yes (74.2)

a % organism removal.

b Ex(x) - mean of distribution.

c Var(x) - variance of distribution.

d "Yes" or "No" implies whether or not the difference is considered significant,
compared to the low-efficiency treatment.
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Table 19. Waterborne pathogenic organisms.

Bacterial Viral Parasitic

Shlla spp. Enteroviruses Entamoeba histolytica
Vibrio cholerae Norwalk agent and rotavirus Giardia lamblia
Campylobacter Hepatitis virus

Escherichia coli

Salmonella spp.

Salmonella typi
Yersinia spp.

risk assessment, we have used the available data and appropriate end points. Also, note
that the dose-response model that gives the most conservative estimate of risk will be
selected for use.

Within this section, low- and high-risk boundary curves are calculated for each
organism, assuming 20 exposed individuals, for developed countries (e.g., United States,
Europe), and a low-risk boundary is calculated for developing countries. We define the
terms "low-risk boundary" and "high-risk boundary" as follows:

Low-risk boundary:

Dose response: Use model that givet. highest-risk results
Volume of water consumed: 10 L + 10%

Pathogen concentration: Geometric mean and geometric standard deviation
Treatment efficiency: 99 to 99.999% removal

High-risk boundary:

Dose response: Same as low risk
Volume of water consumed: 15 L + 10%

Pathogen concentration: Geometric mean, 100 times geometric standard
deviation

Treatment efficiency: 0% removal

37



RISK ASSESSMENT: BACTERIAL ORGANISMS

Seven bacterial agents (Table 19) were selected for assessment, and we discuss them

in the order presented.

Shigella spop.

A sunmary of the dose-response data obtained from the open literature is presented

in Table 20. The data for Sh!ea spp. were analyzed, applying each of the four

dose-response equations. The derived parameters associated with each of the four

equations are shown in Table 21.

Published reports on the occurrence and concentration of Shigella spp. in the

environment are limited. Thus, an estimation of the probable concentration of these

agents in water was required. We made this calculation by combining prevalence rates

with the average number of organisms per gram of feces from an infected person, the

sewage production rate of a town of 50,000 persons, and an assumed range of stream-

dilution values. The assumptions that we used to calculate the concentration of Shigela in

fresh water for both developed and developing countries are shown in Table 22.

With the above data used as input to the risk-assessment model, we ran the model

and identiflad the dose-response equation giving the most conservative estimate of risk.

The results of these runs are shown in Table 23; they indicate that the use of different

dose-response equations modifies the expectation of the risk distribution from +9 to -16%

from that of the logistic equation. The beta dose-resporse equation appears to be a

sensitive component of the analysis, based on the criteria of a 10% difference from the

baseline case (i.e., logistic). However, the exponential equation was selected to calculate

upper and lower risk-curve boundaries because it results in the highest (i.e., most

conservative) estimate of risk. The low-risk boundary is calculated by setting the

treatment efficiency variable at 99 to 99.999% organism removal, volume at 10 + 1 L, and

pathogen concentration at the calculated geometric mean and geometric standard

deviation. The high-r;sk boundary is calculated by setting the treatment efficiency at

0.0% removal, volume at 15 + 1.5 L, and the pathogen concentration at the geometric

mean and 100 times the geometric standard deviation.

Plots of the Shilea spp. risk boundaries are shown in Fig. 11. For the low-risk

scenario in developed countries, the boundaries indicate that there is a cumulative

probability of 0.5 that the fraction of troops ill would be less than or equal to 0.08. For
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Table 20. Sh~gella spp. dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.

10 0.1 131 21
2 x 102  0.5 4 21
2 x 103  0.7 10 21
I x 104  0.83 6 21
2 x 102  0.25 4 21

1 x 104  0.33 6 21
1.8 x 102  0.18 33 18

5 x 10 0.67 49 18
1 x 104  0.76 87 18
1 x 105  0.44 34 18

104 0.25 4 18
105 0.75 4 18
106 0.86 8 18
107 0.68 19 18
108 0.75 8 18

Table 21. Shisela spp. dose-response equation parameters.

Parameter
Equation 1 2

Logistic M - -7.4577 N - 2.0292

Beta u - 0.16 1-155
Exponential r- 1.03 x 10- 3  --

Lognormal GM - 8.92 x 103  GSD -31.8
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Table 23. Shiaell spp. dose-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic 15.65 52.36

Beta 13.13 42.05 Yes (-16.1)

Exponential 17.07 48.81 No (+9.1)

Lognormal 14.69 51.37 No (-6.1)

a ,xEx) - mean 6f distribution.
b Var(x) - variance of distribution.

C "Yes" or "No" implies whether or not the difference is considered significant,

compared to the logistic equation.

the high-risk scenario, the probability is 0.5 that the fraction of troops ill would be 0.94 or

less. For the low-risk scenario in developing countries, there is a probability of 0.5 that

the fraction of troops ill would be less than or equal to 0.92.

Vibrio cholerae Classical

In the case of Vibrio cholerae Classical, three out of four dose-response equations

fit the available data (see Table 24). Fitting the logistic equation gives a uniform

dose-response line, which is unreasonable. The dose-response equation parameters for the

remaining equations are shown in Table 25.

As in the case of ShigeUa, there is a general lack of aquatic occurrence and

concentration data for Vibrio cholerae. Therefore, calculations of the estimated probable

concentration of organisms in water were required. The results of the calculations are

shown in Table 22. Note that for concentrations in developed countries, the calculated

geometric mean was 10-5 organisms/L. Because of this low value, we did not calculate the

health risk for developed countries.

The risk-as sament model, using the above values, was run to identify the

dose-resporse equation that gives the most conservative estimate of risk in developing

countries. The results of the runs, shown in Table 26, indicate that by changing the

dose-response equation, the expectation of the risk distribution is modified from +27 to
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Figure 11. Cumulative-risk curves showing effect of treatment efficiency, organism-
concentration parameters, and volume of water consumed on the risk of becoming ill as a
consequence of consumption of Shiga spp. in drinking water. Each curve was
determined using (1) n - 20 troops awid i - disease symptoms; (2) an exponential
dose-response relationship; (3) pathogen concentrations with the geometric means and
geometric standard deviations (organism-concentration parameters) as explained in the
text; (4) volumes of water consumed as noted in figure; and (5) treatment efficiency
equivalent to either no treatment or 2 to 5 log removals (as noted in figure).

+100%. This modification indicates that the dose-response equation is a sensitive
component of the analysis. The exponential equation wan used to calculate the upper and
lower risk-curve boundaries because it resulted in the highest (i.e., most conservative)

estimate of risk.
At the low-risk boundary, there is essentially no risk of illness (shown as a dot on the

abscissa in Fig. 12). The high-risk curve in Fig. 12 indicates a probability of 0.5 that the
fraction of troops ill would be less than or equal to 0.78.
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Table 24. Vibrio cholerae-Classical dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.

106 0.8 - 1.0 20 23

106 0.83 12 24

108 0.50 4 25

109 0.50 2 25

1011 0.50 2 25

103-104 0.26 19 25

104 0.0 2 25

106 0.0 4 25
70.0 4 25

1010 0.0 1 25

101 0.67 6 24

106 0.96 23 24

106 0.89 27 26

Table 25. Vibrio cholerae-Classical dose-response equation parameters.

Parameter

Equation 1 2

Logistic -

Beta a - 0.097 0. 13,020
Exponential r - 7.45 x 10-6

Lognormal GM - 3.2 x 106 GSD - 14.5

Vibrio cholerae El Tor

The fit of four dose-response equations to the available dose-response data (see

Table 27) was determined. The equation parameters are shown in Table 28.
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Table 26. Vibrio cholerae-Classical dose-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic - -

Beta 5.54 25.89

Exponential 11.16 83.77 Yes (101)
Lognormal 7.07 58.29 Yes (27.6)

a Ex(x) - mean of distribution.

b Var(x) - variance of distribution.

c "Yes" or "No" implies whether or not the difference is considered significant,
compared to the beta equation.

Table 27. Vibrio cholerae-EI Tor dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.

105 0.60 10 24

106 1.0 10 24
105 0.60 5 24

>104 0.111 274 27
106 0.860 37 26

The same estimates for concentration of the agent in water were used for the El Tor

biotype as for the Classical biotype. The risk model, using these values, was run to
identify the dose-response equation that gives the most conservative estimate of risk in

developing countries. The results are shown in Table 29. The results indicate that. by

changing the dose-response equation, we modify the expectation of the risk distribution
from -5 to -13%. This modification indicates that the beta dose-response equation is a

sensitive component of the risk calculation, based on the criterion of a 10% difference
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Figure 12. Cumulative-risk curves showing effect of change in treatment efficiency on

the risk of becoming iU as a consequence of conumption of Vibrio cholerae Classical in

drinking water in developing countries. Each curve was determined using (1) n - 20 troops

and il -disease symptoms; (2) an exponential dsze-r-sponse relationship; (3) a dose

distribution with a GM - 32 organisns/L and a GSD - 15; and (4) treatment efficiency

equtivalent to either no treatment in the high-risk curve, or 2 to s log removals in the

low-risk curve.
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Table 28. Vibrio cholerae-El Tor dose-response equation parameters.

Parameter
Equation 1 2

Logistic M - - 24.82 N - 5.39

Beta a - 1.33 13 - 2.7 x 105

Exponential r - 4.99 x 10-6

Lognormal GM - 7.2 x 104  GSD - 5.8

Table 29. Vibrio cholerae-El Tor dose-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic 12.0 84.07

Beta 10.43 82.93 Yes (-13.1)

Exponential 10.82 87.17 No (-9.8)

Lognormal 11.39 77.23 No (-5.1)

a Ex(x) - mean of distribution.

b Var(x) - variance of distribution.

c "Yes" or "No" implies whether or not the difference is considered significant,
compared to the logistic equation.

from the logistic model. Because the logistic equation resulted in the highest risk
estimate, it was selected as the dose-response model; a plot of the risk boundaries is
shown in Fig. 13. The low-risk boundary corresponds to a zero-risk level, shown as a dot

on the abscissa.
Review of Fig. 13 indicates that at the low-risk boundary, there would be zero risk,

and at the high-risk boundary, the probability is 0.50 that the fraction of troops ill would
be less than or equal to 0.9.

Cemp'vlobacter

Three of the four dose-responso equations could be applied to the available
dose-response data for Camr.ylobacter (see Table 30). The logistic equation could not be
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Figure 13. Cumulative-risk curvs showing effect of change in treatment efficiency on

the risk of becoming ill as a consequence of consznmption of Vibrio cholerae El Tor in

drinking water in developing coumtries. Each curve was determined using f.1) n - 20 troops

and ill disease symptoms; (2) a logistic dose-resporn relatIon.hip; (3) a dose distribution

with a GM - 32 organisms/L and a GSD - 15; and (4) treatment efficiency equivalent to

either no treatment in the high-risk curve, or 2 to 5 log remov.ds at the low-risk point,

which implies that no troops will be affected.
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Table 30. Campylobacter dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.

500 1.0 1 28

106 1.0 1 29
1 0.0001 1 Estimate

Table 31. Compylobacter dose-response equation parameters.

Parameter
Equation 1 2

Logistic - -
Beta a - 0.39 3 - 55
Exponential r - 7.003 x 10-4
Lognormal GM - 30 GSD - 2.4

fit primarily because of the paucity of data. To fit the other three equations, we assumed
a low-dose point of one organism with a 0.01% response. The dose-response equation
parameters are shown in Table 31.

There is a general lack of occurrence and concentration data in the literature.
Therefore, calculation of the probable concentration of the organism in water was
required. Table 22 identifies the values used for concentration of this agent in water for
developing and developed countries.

Based on the results shown in Tables 22 and 31, the risk-assessment model was run to
Identify the dose-response equation giving the most conservative estimate of risk. The
results of the model runs are given in Table 32. Review of these results indicates that by
changing the dose-response equation, we modify the expectation of the risk distribution
from 3 to approximately 4%, all less than the sensitivity level of 10%. The lognormal
equation was used to calculate the upper- and lower-Aisk boundaries because it resulted in
the highest risk estimate.
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Table 32. Campylobacter dose-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic - -
Beta 16.45 47.0 •

Exponential 16.97 48.62 No (3.1)

Lognormal 17.13 48.98 No (4.1)

a Ex(x) - mean of distribution.

b Var(x) - variance of distribution.

c "Yes" or "No" implies whether or not the difference is considered significant,
compared to the beta equation.

The risk curves for Campylobacter are shown in Fig. 14. The low-risk boundary

indicates that the probability is 0.5 that the fraction of troops ill would be less than or

equal to 0.1, and the high-risk boundary indicates that the probability is 0.5 that the
fraction of troops ill would be less than or equal to 0.9.5. For a developing country, the
low-risk curve indicates that the probability is 0.5 that the fraction of troops ill would be

less than or equal to 0.93.

Escherichia coli

Three of the four dose-response equations fit the available dose-response data for
pathogenic Escherichia coli (see Table 33). The dose-response equation parameters are

shown in Table 34.

Table 35 presents selected fecal coliform data for various water sources in
developing countries. To calculate environmental concentration levels for E. cell, a

worst-case assumption was made that all fecal coliforms are pathogenic. Based on the
4data in Table 35, a geometric mean of 2.5 x 10 organisms/L and a standard deviation of

35 were calculated for Atream and river water quality. For developed countries, a

geometric mean of 2000 organisms/L and standard deviation of 2 were used.33 This limit is
used by the State of California for nontidal-contact recreation.

The risk-assessment model was executed to identify the dose-response equation that
gives the most conservative estimate of risk. The results of the model runs are shown in
Table 38. Review of the results indicates that by changing the dose-response curve, we

modify the expectation of the risk distribution from 45 to 50%. The results indicate that
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Figure 14. Cumnulative-risk curves showing effect of change in treatment efficiency and

organism-concentration parameters on the risk of becoming ill as a consequence of

consumption of Carnpylobacter in drinking water. Each curve was determined using

(1) n - 20 troops and ill - disease symptoms; (2) a lognormal dose-response relationship.
However, the GM of the organism concentrations for developed countries was

100 organismslL with a GSD - 50; for developing countrie-s, the GM - 300 organisms/L
with a GSD - 150. A treatment efficiency equivalent to no treatment was used for the

high-risk curve, and a treatment efficiency equivalent to 2 to 5 log removals was used for

both low-risk curves.
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Table 33. Escherichia coil dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.

1.6 x 1010 0.875 8 30

5 x 109  0.75 8 30

1.7 x 109 0.625 8 30

1.4 x 108 0.750 8 30

9 x 109  1.0 12 31

6.5 x 109 1.0 11 31

5.3 x 108  0.666 12 31

7 x 106 0.636 11 31

Table 34. Escherichia coli dose-response equation parameters.

Parameter

Equation 1 2

Logistic M - - 1.2184 N - 0.2406

Beta -

Exponential r - 1.217 x 10-8

Lognormal GM = 4.36 x 107 GSD - 36.6

the risk estimnates are extremely sensitive to changes in the dose-response equation. The

logistic equation was used to calculate the upper- and lower-risk boundaries because it

resulted in the highest estimate of risk.

Risk curves are shown in Fig. 15. The low-risk boundary indicates that the

probability is 0.5 that the fraction of troops ill would be less than or equal to 0.29, and the

high-risk boundary indicates the probability is 0.5 that the fraction of troops ill would be

less than or equal to 0.52. For developing countries, the low-risk boundary indicates that

the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.42.
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Table 35. Escherichia coil concentration in water.a

Fecal coliforms
Country Water source (organisms/QO0 mL)

Gambia Hand-dug well <100,000

Indonesia Canals in Jakarta 3,100-3,100,000

Kenya Water hole 11-350
Large river 10-100,000

Lesotho Unprotected spring 900
Water hole 860
Stream 5,000
Protected spring 200

Nigeria Pond 1,300-1,900
Hand-dug well 200-580

Papua New Guinea Stream 0-10,000

Tanzania Water hole 61
Pond 163
Stream 128
Open well 343
Protected well 7

Uganda River 500-8,000
Stream 2-1,000
Unprotected spring 0-2,000
Protected spring 0-200
Hand-dug well 8-200
Bored hole 0 -60

a Adapted from Kehr and Butterfield. 32

Salmonella spp.

The dose-response equations were applied to the available data as shown in

Table 37. The dose-response' equation parameters are shown in Table 38. The data used

to calculate the concentration of Salmonella spp. (excluding S. tyj) in fresh waters of

developed countries are presented in Table 39. A geometric mean of 172 organisms/L and
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Table 36. Escherichia coli dose-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic 11.21 10.84
Beta ..
Exponential 5.54 61.81 Yes (50.5)
Lognormal 6.13 32.99 Yes (45.3)

a Ex(x) - mean of distribution.
b Var(x) - variance of distribution.

C "Yes' or "No" implies whether or not the difference is considered significant,
compared to the logistic equation.

a GSD of 99 were calculated from the data and used to represent stream and river water

quality in developed countries. The calculations and water-quality values for developing

countries are presented in Table 22.

The risk-assessment model, using the above results, was run to identify the

dose-response equation that gives the most conservative estimate of risk. The results of

these runs are shown in Table 40. Review of the results indicates that by changing the

dose-response curve, we modify the expectation of the risk distribution from 6.5 to

20.2%. Based on these results, the exponential model was selected for use in calculating

the upper- and lower-risk boundaries because it resulted in the highest estimate of risk.

A plot of the risk curves is shown in Fig. 16. The low-risk boundary indicates that

the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.52, and

the high-risk boundary indicates that the probability is 0.5 that the fraction of troops ill ..

would be less than or equal to 0.94. For developing countries, the low-risk curve indicates

that the probability is 0.5 that the fraction of troops ill would be equal to or less than

0.64. The results also indicate that the low risk is essentially the same in a developed

country as in a developing country.

The risk calculations for Salmonella spp. appear to be high. The risk values are due

to the low dose-response value of 17 organisms and a 12% response value (Table 37). This

value is an estimate from an epidemiological study, not from a feeding study. Without this

value, the risk assessment would approximate the S. 1t curves shown in Fig. 17.
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Figure 15. Cumlative-risk curves showing effect of change in treatment efficiencies and
organism-concentration parameters on the risk of becoming ill as a consequence of

consumption of Escherichia coll in drinking water. Each curve was determined using
(1) n - 20 troops and ill - disease symptoms and (2) a logistic dose-response relationship.
However, a concentration distribution with a GM - 2,000 organisrn.'L and a CSD - 2 was

used for developed uoimtes, and a concentration distribution with a
GM - 20,000 organisms/L and a GSD - 35 was used for developing countries. A treatment
efficiency equivalent to no treatment was used for the high-risk ciirve, and a treatment

efficiency equivalent to 2 to 5 log removals was used for both low-risk curves.
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Table 37. Salmonella spp. dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.

17 0.12 16,000 34

2 x 109  1.0 2 34

1 x 1010  1.0 1 34

Table 38. Salmonella spp. dose-response equation parameters.

Parameter

Equation 1 2

Logistic M - - 1.9927 N - 0.0002

Beta a - 0.33 - 139.9

Exponential r - 2.353 x 10-3

Lognormal GM - 7.35 x 104 GSD - 1152

Salmonella typhi

The dose-response parameters for each of the four dose-response equations as

determined for Salmonella typhi are shown in Table 41. The dose-response data upon
which these calculations are based are given in Table 42.

An estimate of the concentration of S. ty.hi in the fresh water of developed
countries was based upon the same data that were used to set the environmental
concentration of nontyphoid-fever Salmonella in the previous section of this report. Using
these latter values provided a conservative estimate of the concentration of S. t.ypi. For
developing countries, the calculations and estimates of water-quality values associated
with S. 1ti are shown in Table 22.

The risk-assessment model was run, using the above results, to identify the

dose-response equation giving the most conservative estimate of risk. The results of these

55



Volume 5

Table 39. Salmonella spp. concentration in water.

Salmonella spp.
(organisms] 100 mL) Environment Ref.

4.5 Storm water 35

<3.0 Storm water 35

43 Mississippi River 35

1 Mississippi River 36

4 Mississippi River 37

77 Untreated water 37

2 Untreated water 37

18 Untreated water 37

16 Untreated water 37

2 Untreated water 37

18 Untreated water 37

4500 Storm wa; sr 38

Table 40. Salmonella spp. dose-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic - -

Beta 16.09 46.70
Exponential 17.14 49.06 No (6.5)

Lognormnal 12.84 42.80 Yes (20.2)

a Ex(x) - mean of distribution.

b Var(x) - variance of distribution.

c "Yes" or "No" implies -whether or not the difference is considered significant,
compared to the beta equation.
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Figure 16. Cumulative-risk curves showing effect of change in treatment efficiencies and

organism-concentration parameters on the risk of becoming ill as a consequence of

consumption of Salmonella spp. in drinking water. Each curve was determined using

(1) n - 20 troops and ill - disease symptoms, and (2) an exponential dose-response

relationship. However, a concentration distribution with a GM - 172 organisms/L and a

CSD - gg was used for developed countries, and a concentration distribution with a

GM - 221 organL.ss/L and a GSD - 100 was used for developing countries. A treatment

efficiency equivalent to no treatment was used for the high-risk curve, and a treatment

efficiency equivalent to 2 to 5 log removals was used for both low-risk curves.
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Figure 17. Cumulative-risk curves showing effect of change in treatment efficiencies and
organism-concentration parameters on the risk of becoming ill as a consequence of
consumption of Salmonella tjyhi in drinking water. Each curve was determined using
(1) n - 20 troops and ill - disease symptoms, and (2) a logistic dose-response relationship.
However, a concentration distribution with GM - 172 organisms/L and a GSD- 99 was
used for developed countries, and a concentration distribution with a
GM - 221 organismns/L and a GSD - 100 was used for developing countries. A treatment
efficiency equivalent to no treatment was used for the high-risk curve, and a treatment

efficiency equivalent to 2 to 5 log removals was used for both low-risk curves.
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Table 41. Sahnonella tvrhi dose-response equation parameters.

Parameter

Equation 12

Logistic M - -7.9934 N - 1.9293

Beta a-.21 0 5531

Exponential r - 3.79 x 10-5

Lognornal GM - 3.37 x 106 GSD - 71

Table 42. Salmonella typh! dose-response data.

Dose Response Number of
(organisms) (fraction ill) subjects Ref.

103  0.0001 14 39

105 0.275 116 39

10 0.5 32 39

108 0.89 9 39

109 0.95 42 39

107  0.53 30 39

107 0.55 11 39

107 0.33 6 39

105 0.27 10,000 39

107 0.50 30 39

109 1.0 4 39

103 0.01 1,300 34

10 3  0.045 11,800 34

103 0.04 10,675 34

103  0.075 4,293 34

103 0.09 378 34

103 0.10 1,600,000 40

105 0.35 110 41

10 0.95 6 42
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Table 43. Salmonella tvPhi doe-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic 15.59 53.20

Beta 12.39 52.32 Yes (20.5)

Exponential 15.42 59.96 No (1.1)
Lognormal 10.53 59.39 Yes (32.4)

a Ex(x) - mean of distribution.

b Var(x) - variance of distribution.

C "Yes" or "No" implies whether or not the difference is considered significant,
compared to the logistic equation.

runs are shown in Table 43. Review of the results indicates that by changing the

dose-respc;Lse equation, we modify the expectation of the risk distribution from +1 to
+32%. Based on these results, the logistic model was selected for calculating the upper-

and lower-risk boundaries because it resulted in the highest estimate of risk.
A plot of the risk curves is shown in Fig. 17. The low-risk boundary indicates that

the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.04, and

the high-risk boundary indicates that the probability is 0.5 that the fraction of troops ill
would be less than or equal to 0.92. For developing countries, the low-risk curve indicates
that the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.07.

The risk estimates are conservative because the concentration of S. typhi organisms
in water was assumed to be the same as Salmonella spp. As previously noted, this
estimate is conservative, and the concentration of S. typhi is probably an order of
magnitude less than Salmonella spp. Running the model with a reduced concentration of
organisms in water resulted in the risk-curve plots shown in Fig. 18. Review of these
curves indicates that at the low-risk boundary, the probability is 0.5 that none of the

troops would become ill, and at the high-risk boundary, that the probability is 0.82 or less
that the troops would become ill. These results appear to be more reasonable, based on the

existing incidence of typhoid fever.

Yersinia spp.

Because only one dose-response data point could be found in the literature, only the
lognormal distribution was used to represent the dose-response equation. As shown in
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Figure 18. Cumulative-risk curves showing effect of both change in treatment efficiency
and initially low organism-concentration parameters for Salmonella typhi on the risk of
becoming ill with typhoid fever. Each curve was determined using (1) n - 20 troops and
ill - disease symptoms; (2) a logistic dose-response relationship; (3) a concentration

distribution with a GM - 17 organisms.L and a GSD - 9; and (4) treatment efficiency
equivalent to no treatment for the high-risk curve and 2 to 5 log removals for the low-risk
curve.
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Figure 19. Lognormal dose-response relationship for Yersinla spp.

Table 44. Yersinia spp. risk-assessment results using lognormal equation.

Risk level Ex(x)a Var(x)b

Low (developed country) 11.00 69.70
High 17.13 48.98

Low (developing country) 15.63 48.63

a Ex(x) - mean of distribution.

b Vat(x) - variance of distribution.

Fig. 19, a conservative line was drawn between an assumed low dose-response point (i.e.,

one organism and 0.01% response) and the dose-response point found in the literature

review. This line results in a geometric mean of 70 organisms/L and a geometric standard

deviation of 3.

Aside from the lack of dose-response data, there is also a lack of occurrence and

concentration data in the literature. Thereforo a calculation of the probable

concentration of Yersinia spp. in water was made. Table 22 presents the results of this

calculation.

The risk-assessment model was run, based on the above values. The results of the

model runs are shown in Table 44, and plots of the risk curves are shown in Fig. 20.
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Figure 20. Cumulative- risk curves showing effect of change in treatment efficiency and
organism-concentration parameters on the risk of becoming iUl as a consequence of
cousuniption of Yersinia spp. in drinking water. Each curve was determined using
(1) ni - 20 troops and ill - disease symptoms; and (2) a lognormnal dose-response

relationship. However, a concentration dist.ibution with a GM - 100 organisms/L and a
CSD -50 was used in developed countries; and a concentration distribution with a
GM - 1000 organisnis/L and a GSD - 500 was used in developing countries. A treatment

II

efficiency equivalent to no treatment was used for the high-risk curve, and a treatment
efficiency of 2 to 5 log removals was used for both low-risk curves.

Review of the results indicate that at the low-risk boundary, the probability is 0.5
that the fraction of troops ill would be less dhan or equal to 0.63 in developed countries
and 0.93 in developing countries. At the high-riasl boundary, the probability is 0.5 that the
fraction of troops ill would be less than or equal to 0.93.
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These results, based on the conservative estimate of dose response for Yersinia spp.,
indicate a relatively high risk of disease even in the low-risk boundary area. In addition,
conservative assumptions as a result of the lack of data on the occurrence and
concentration of Yersinia spp. in water increases the resulting risk estimate.

RISK ASSESSMENT: VIRAL ORGANISMS

Three separate groups of viruses were identified for assessment. Enteroviruses,
which encompass poliovirus, coxsackievirus groups A and B, and echoviruses, were the only
viruses for which dose-response and concentration data were available. Therefore risk
estimates were made only for enteroviruses.

The dose-response data, as well as data on concentration in water for developed
countries, were taken from the work of Mechalas et al. 16 The response for these data is
infection rather than disease. This was the case because no additional data other than
those reported by Mechalas et al. were found in our literature review. An estimate was
made of the concentration of enterovirus in water in developing countries and is shown in
Table 22.

Therefore, use of the lognormal dose-response model (see Table 45) of Mechalas
et aL, as well as their concentration data in fresh water [geometric mean - 113 and
standard deviation - 3, tissue-culture infective dose (TCID)], resulted in the low- and
high-risk curves for developed countries as shown in Fig. 21. To generate the low-risk
curve for developing countries, the dose-response equation of Mechalas et al. was again
used, along with the concentration estimates made in Table 22. This risk curve is also
shown in Fig. 21.

Analysis of these curves indicates that at the low-risk boundary, the probability is
0.5 that the fraction of troops ill would be lass than or equal to 0.18 in developed countries
and less than or equal to 0.46 in developing countries. The high-risk curve indicates that
the probability is 0.5 that the fraction of troops ill would be less than or equal to 0.9.

Please note that the end point (i.e., response) is infection rather than disease for the
viral data. Therefore, when using the risk curves, one muis recognize this distinction. If
one wishes to calculate the risk curve with disease as an end point, a proportional
reduction of the infection-risk curve would be necessary. Adequate data do not presently
exist to reach more accurate evaluations of risk to debilitating disease; however, one
study has shown that infection with wild poliovirus resulted in disease for 1 in 75 adults
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Table 45. Enteroviruses dose-response equation parameters.

Parameter

Equation 1 2

Lognormal •GM -2.5 x 102  GSD -73

and 1 in 1000 children. 1 7 These data do not suggest that these are typical ratios. Applying

these data to the infection-risk curve would reduce the fraction ill by at least 99%; in

other words, approximately 1% of the individuals predicted to develop an infection would

also become ill with the disease.

RISK ASSESSMENT: PARASITIC ORGANISMS

Two parasites, Entamoeba histolytica and Giardia lamblia, were selected for risk

assessment. The following is a discussion of the assessment for each organism.

Entamoeba histolytica

No dose-response data or appropriate environmental concentration data were

identified in the literature review. Some occurrence data were found; however, these data

are reported only in qualitative terms (i.e., + results). To estimate the risk of disease

from amebic dysentery, it was assumed that the dose-response data were similar to those

of G. lamblia for which such data exist (see Table 46). Because no concentration data

were found, estimates were made for both developed and developing countries (see

Table 22).

Using the above values, we applied the risk-assessment models and the equation

giving the most conservative estimate of risk was determined. The results of the model

runs are shown in Table 47. Review of the results indicates that by changing the

dose-response equation, we modify the expectation of the risk distribution from +21 to

+29%. These results indicate that the dose-response variable is sensitive to the equation

used. The exponential model was selected, based on these results, to use in calculating the

upper- and lower-risk boundaries because it resulted in the highest estimate of risk.

A plot of the risk curves is shown in Fig. 22. The low-risk boundary indicates that

the probability is 0.5 that the fraction of troops ill would be equal to or less than 0.03, and
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Figure 21. Cumulative-risk curves showing effect of changes in treatment efficiency on

the risk of becoming ill as a consequence of consumption of enteroviruses in drinking

water. The curves were determined using (1) n - 20 troops and ill - infection symptoms;

(2) a lognormal dose-responso relationship; (3) a dose distribution with a

GM - 113 organLsms/L and a GSD - 3; (4) treatment efficiency equivalent to no treatment

in the high-risk curve and 2 to 5 log removals in both low-risk curves.

the high-risk boundary indicates that the probability is 0.5 that the fraction M would be

equal to or less than 0.94. In developing countries, the low-risk boundary indicates that

the probability is 0.5 that the fraction of troops ill would be equal to or less than 0.9.

Glardia lambla

Three of the four dose-response equations were fit to the available data (see

Table 46). The dose-response equation parameters are shown in Table 48. An attempt to
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Table 46. Giardia lamblia dose-response data.

Dose Response Number of
(cysts) (fraction infected) subjects Ref.

1 0 5 43,44

10 1.0 2 43,44

25 0.3 20 43, 44
102 1.0 2 43, 44

104 1.0 3 43, 44

105 1.0 3 43, 44

3 x 105  1.0 3 43, 44

106 1.0 2 43, 44

Table 47. Entamoeba histolytica dose-resporse equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic -
Beta 13.3 39.7 --

Exponential 17.1 48.9 Yes (28.5)

Lognormal 16.1 47.0 Yes (21)

a Ex(x) - mean of distribution.

b Var(x) - variance of distribution.

C "Yes" or "No" implies whether or not the difference is considered significant,
compared to the beta equation.

fit the logistic equation to the available dose-response data resulted in a uniform equation

(i.e., zero slope). Therefore this equation was not used.
Because no data relative to the occurrence and concentration of Giardia lamblia in

water were found in the literature review, calculation of a probable value was necessary.

It has been estimated that raw sewage may contain from 96,000 to 2,400,000 cysts/L when

1 to 25% of the population is infected. 17 If we assume a dilution rate of 100:1 for a
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Figure 22. Cumulative-risk curves showing effect of changes in treatment efficiency and

organism-concentration parameters on the risk of becoming ill as a consequence of

consumption of Entamoeba histolytica in drinddng water. Each curve was determined using

(1) n - 20 troops and ill - infection, and (2) an exponential dose-response relationship.

However, a concentration distribution with a GM - 13 organisrWL and a GSD - 7 was used

for developed countries, and a concentration distribution with a GM - 148 and a GSD - 73

was used for the low-risk curve in developing cu.ntries. A treatment efficiency

equivalent to no treatment was used for the high-risk curve, and a treatment efficiency

equivalent to 2 to 5 log removals was used for both low-risk curves.
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Table 48. Giardia lamblia dose-response equation parameters.

Parameter

Equation 1 2

Logistic -

Beta C - 0.18 3m-11.6

Exponential r - 1.53 x 10-2

Lognormal GM - 102 GSD - 17

stream, the result is a calculated geometric mean of approximately 1500 cysts/L (assume

standard deviation - 750). A value of 100 was used to run the risk model for both

developed and developing countries because it was a more conservative estimate than the

values shown in Table 22.

The risk-asses.nent model, based on the above values, was run to identify the

dose-response equation that results in the most conservative estimate of risk. The result3

af these runs are shown in Table 49. Review of the results indicates that by changing the

dose-response equation, we modify the expectation of the risk distribution by roughly 6%,

which is not considered sensitive when applying the 10% difference criterion. Because the

exponential distribution resulted in the most conservative estimate of risk, it was used to

calculate the risk curves for Giardia lamblia.

A plot of the risk curves is shown in Fig. 23. The low-risk boundary indicates that

the probability is 0.5 that the fraction of troops ill would be equal to or less than 0.92, and

the high-risk boundary indicates that the probability is 0.5 that the fraction of troops ill

would be equal to or less than 0.94. These results indicate that Giardia lamblia, based on

our conservative estimates, presents a significant level of risk.

SUMMARY: RISK-ASSESSMENT RESULTS

The risk-assessment results for water-related pathogens evaluated in this study are

summarized in Table 50. Review of the table indicates that the exponential dose-response

model provided the most conservative estimate of risk for 5 of 11 pathogens evaluated,

and that the logistic model provided the most conservative estimate for 3 of 11 pathogens.
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Table 49. Giardia lamblia doe-response equation sensitivity.

Equation Ex(x)a Var(x)b Sensitivity (% difference)c

Logistic - -

Beta 16.09 45.64
Exponential 17.14 49.01 No (6.5)
Lognormal 17.12 48.61 No (6.4)

a Ex(x) - mean of distribution.
b Var(x) - variance of distribution.

C "Yes" or "No" implies whether or not the difference is considered significant,
compared to the beta equation.

The most conservative risk estimate for giardiasis was derived using the exponential
equation. Because dose-response dcta for the remaining two agents (Yersinia and
enteroviruses) were extremely limited, only the lognormal equation was ,used in their risk
evaluation.

Review of the risk-assessment results for developed countries indicates that the
pathogenic organisms, E. coli, Salmonella spp., and Yersinia spp., pose the highest degree

ip of risk of illness (i.e., disease) at the low-risk level (i.e., 2- to 5-log removal treatment
efficiency). For the other pathogens at the low-risk level, the fraction of troops ill was
generally below 10% at the cumulative probability of 0.5. In general, risk estimates at the
high-risk level (i.e., no treatment) indicate that, with the exception of V. cholerae El Tor,
all organisms present a high degree of risk of illness.

Review of the risk assessment for developing countries indicates that S. -- y
presents the lowest degree of risk, followed by pathogenic E. coli and enteroviruses. In

the latter instance, it should be noted that the risk is to clinical disease, whereas the risk
associated with enterovirus is to infection. The ratio of infection to clinical disease in the
case of enteroviruses is high (i.e., more infection than disease). The remainder of the
organisms have a level of risk similar to the high risk level in developed countries. The
model was not run for the high-risk level in developing countries because of the findings of
the model runs at the low-risk level.

As previously discussed, the risk-assessment model was sensitive to a two-order-
of-magnitude change in pathogen concentration variation. Based on a comparison of the
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Figure 23. Cumiudative-risk curves showing effect of changes in treatment efficiency on

the risk of becoming ill as a consequence of consumption of Giardia lariblia in drhnldng

water. The curves were determined using (1) n - 20 troops and ill - infection; (2) an
exponential dse-response relationship; (3) a concentration distribution with a
GM - 100 organisns/L and a GSD - 50; (4) treatment efficiency equivalent to no
treatment in the high-risk curve and 2 to 5 log removals in the low-risk curve.
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I Table 50. Summary: rik-assessment results.

Fraction of troops ill or less at
cumulative probability of 0.5

Developed Developing
countr, countrX,

PathgenDose responsea To ik High riskc low risku

BACTERIAL:

Shgl spp. Exponential 0.08 0.94 0.90

S~Vibrio cholerae

SClassical Exponential 0.00 0.78 0.82

V. cholerae El Tor Logistic 0.00 0.90 0.00

Campylobacter Lognormal 0.04 0.95 0.93

SEscherichia coll Logistic 0.29 0.50 0.42

:Salmonella spp. Exponential 0.55 0.92 0.62

•Salmonella t_.!h Logistic 0.00 0.82 0.07
Yersi, ia spp. Lognormale 0.63 0.93 0.92

VIRAL:
,Ent erovir-ses Lognormale 0.08 0.94 0.46

PARASITIC:

Entamoeba histolytica Exponential 0.03 0.94 .0.90

Giardia lamblia Exponential 0.90 0.91 0.90

a Disease is the response for bacterial pathogens, and infection is the response for viral
and parasitic pathogens.

. b Low risk: assmes 2- to -log removal treatment efficiency.

C High risk: assumes no treatment.

S....d Low risk (developing country): assumes 2- to 5-log removal treatment efficiency, as
S~well as a higher raw-water pathogen concentration.

e Only model run made.
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Table 51. Latencya of common waterborne pathogens.

Organism Latencyb
(d)

Shieela dvsenteriae 3-6

Campylobacter je1un- 1-4

Vibrio cholerae <1 - 2
E_,cherichia coli 0.1 - 3

Sdinonella tIyh 3-22 .

Sahlnonellosis 0.04-4

Yersiuiia <1
F ntaroviruses 2 - 35

Nr." ,alk agent 0.42 - 2.1

'&,Zoavirus 1-4

E.•t•-moeba histolytica 7 - 98

Giardia lamblia 3 - 56

a Latency is defined to be the time (in days) from ingestion to the onset of symptoms.

b Based on data in the Appendices.

risk-assessment results between developed and developing countries, it appears that the

model is also sensitive to changes in the mean concentration of pathogens in water. It was

also noted that the volume of water consumed (10 to 15 L/d) had little effect on the risk

estimate.

As a final note, latency (i.e., time from ingestion to the onset of symptorr,) should

be considered when reviewing the risk curves. As shown in Table 51, the latency period

for the organisms under consideration is generally 1 to 3 d. This indicates that the

expected fraction of individuals predicted to become ill would do so within a 1- to 3-day

period after ingestion cf the organis-ns.

RECOMMENDATIONS FOR STANDARDS

The development of water-quality standards is a complicated task that involves the

concept of risk. Every human activity involves a certain degree of hazard. Important

interrelated questions about standards and risk are (1) How can risk estimates best be used
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Table 52. Specified-risk curve: finished (treated) drinking-water pathogen concentrations
(organisms/L.

Developed country Developing country
Pathogen Low risk High risk Low risk

BACTERIAL:
Shigella spp. 7 x 29-1 105 x 3000±1 328 x 239+1
Vibrio cholerae Classical 1 1 1 x 10±1

V. cholerae El Tor 1 1 I x 10±1

Campylobacter 7 x 29+1  105 x 3009+ 1  42 x 79 1

Escherichia col__i 14x31 10 x300- 1  1300 x 21±1

Salmonella spp. 18 x 54±1  106 x 6000±1  •23 x 54±1
Salmonella tyh <I x 7±-1 2000 x630±-1 328 x239-+-1

VIRAL:
+1 +1 0+1

Enteroviruses 1 x 4±1 6000 x 220±- 14 x 44-1

PARASITIC:

Entamoeba histolytica 1 x 6±1 1300 x 490±1  12 x 41±1

Giardia lamblia 653 x 348±-1 107 x 5±1 653 x 348±1

Note: Low risk = most conservative dose-response model, 10 L + 10% water
consumed, and 99 to 99.999% organism removal.

Note: High risk - most conservative dose-response model, 15 L + 10% water
consumed, and 0% organism removal.

for setting standards? (2) What is an acceptable level of risk associated with water-related

disease? (3) How can this information be used in deciding the appropriate level of resource
commitment to achieve the standard?

To address the first question, a concentration of pathogens in finished drinking water

(i.e., treated water) can be determined for a selected risk distribution. These values have
been determined for both the low- and high-risk curves. The resulting concentrations are

shown in Table 52.

Addressing the second question involves consideration of the acceptability of risk or
risk evaluation. The latter step is difficult to accomplish because it involves a decision as
to the amount of risk that can be tolerated to achieve a defined level of benefit. This
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Figure 25. Cumulative-risk curves showing the effect of improving treatment efficiency

and knowing precisely the factor of reduction in number of organisms per liter on the risk

ol becoming ill as a consequence of consumption of Shigell spp. in drinking water. The

curves were determined using (1) n - 20 troops and ill - disease symptoms; (2) an

exponential dose-response relationship; (3) a dose distribution with a

GM - 100 organis.s/L and a GSD - 50; and (4) treatment efficiencies equivalent to no

treatment, 2 to 5 log removals, 3 to 5 log removals, 4 to 5 log removals, 4 to 6 log
removals, and 4.1 to 6 log removals.
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Table 53. Alternate-risk curves: finished (treated) drinking-water pathogen
concentrations (organisms/L).

Treatment efficiency Concentration

(% removal)a Salmonella spp. Shigell spp.

99-99.999 (2 to 5 log) 18 x 54±1 7 x 29'1

99,9-99.999 (3 to 5 log) 2 x 53±1 0.7 x 29±1

99.99-99.999 (4 to 5 log) 0.2 x 56±1 0.09 x 30±1
99.99-99.9999 (4 to 6 log) b0.07 x 29+1
99.993-99.9999 (4.1 to 6 log) b 0.05 x 29±1

99.999-99.9995 (5 to 5.3 log) 0.03 x 68±1 b

99.999-99.9999 (5 to 6 log) 0.02 x 561 b

a Range also represents reliability.

b Computer run not made.

requires personal and social value judgments, as opposed to the more scientific
quantification of risk assessment. From the risk curves developed in this study, the

military experts, who are most aware of the judgments required for risk evaluation in the

armed services, should make such judgments. Once an acceptable-risk curve is identified.

a concentration in the treated water can then be determined. For example, if the low-risk

curve for pathogenic E. coli (Fig. 15) is determined to present an acceptable level of risk.

then the drinking-water standard necessary to achieve that level of risk is approximately

14 x 3-1 organL-ms/L in the treated water (see Table 52).

To set a standard, a level of riask must be specified. Discussions with Dr. Stephen
45

Schaub indicate that the military would want to b-e confident (e.g., 0.95 cumulative

probability) that less than 5% of the troops would become ill after drinking water with a

specified concentration of pathogen- organism. To achieve this level of risk., it would be

necessary to modify one or more of our assumptions regarding volume consumed, pathogen

concentration, and treatment efficiency. Because the model is most sensitive to the

treatment-efficiency variable, this variable was selected for modification to illustrate the

different levels of risk associated with diffcrent levels of treatment efficiency.

The organisms, Salmonella spp. and Shigella spp., were chosen to illustrate the levels

of risk, mainly because some data relate the pathogenic orgenisms to indicator or-=nisms.

Shown in Figs. 24 and 25 are the risk curves for these two organim-s with varying
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treatment removal efficiencies. These data are summarized in Table 53, along with the

calculatef finished drinking-water concentration values associated with the different risk

curves is shown in Table 53, to achieve a 0.95 cumulative probability of <5% troops ill, a

5- to 6-log reduction (99.999 to 99.9999%) of organisms is necessary for Salmonella spp.

and a 4.1- to 6-log reduction (99.993 to 99.9999%) is necessary for Shigella spp. An

interesting result of this analysis is that as the reliability of the treatment efficiency

increases, the level of risk decreases dramatically. This result is best illustrated in

Fig. 24. As the treatment reliability increases from 2- to 5-log removal to a 4- to 5-log

removal, the level of risk decreases as shown by the curves moving up to the top of the
figure. The results of this analysis again demonstrate the importance of the

treatment-efficiency variable, including the questicn of reliability associated with the

treatment system. Because a finished drinking-water concentration has been calculated

for the selected organisms at the level of acceptable risk identified by the military, the

next step is to relate that concentration to a concentration of indicator organisms.

Ideally, indicators of drinking-water quality are microorganisms whose
concentrations in water can be related quantitatively to potential health hazards resulting

from drinking the water. Potential indicators can be screened for use against the following
16criteria. An indicator microorganism:

1. Must be a reliable measure of the potential presence of specific contaminating

organisms, both in natural waters and in waters that have been subjected to
treatment. To meet this requirement, the indicator organism or organisms must

react to the natural aquatic environment and to treatment processes (including

disinfection) in relatively the same way as do the contaminating organisms;

2. Must be present in numbers that are relatively much larger than those of the

contaminating organism whose potential presence is to be indicated. Othenvise,

detection of the contaminating organism itself would serve a more useful purpose;

3. Must bo identified readily by relatively simple analytical procedures;

4. Must lend itself to numerical evaluation as well as qualitative identification.

25For nearly 80 y, the coliform bacteria and, more recently, fecal coliform have

been used as a tool to measure the occurrence and intensity of fecal contamination; for
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Shown are both the uncorrectcd ratios of SnhImonella tv~hi to total cotiforna bacteria

determined frorn moaitoring scwijo and pol~luted receiving water (ws noted in figwre) and

the corracted ratios of S-ni-mrrI' t%,7iýN to total4 coliform bacteria ccrzi irod to actuaIly

occur in eithcr seviag or polluto~d wator.

the most part, they mcet the critaria cutlls-,c altvve. Use of the calirorm org~mif' M still

appars reaonbl on bath tl~orotic~i mid practic.,d grounus, b-ccuss mea-irin- ~rrcific
pathogcrn, rcnmir~s impractical for sevora!l rea-crs:

1. Many difrarn 41at3I1oonC ornzsblcteria, viruses. and para~site.1 c-n ti-it in

water;

2. Monitoring for each orvardiem wou!d bo Olfricl1t, ain-cnun n"ed ccrtly;

3. Enumotration2 rnct1:od for .&onnw of Th*, ore limportant Vthjn5ýýts are eitlv~r

unvaiil;.hl or inipre-ine.
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Kehr and Butterfield 3 2 reviewed several studies in England, Indonesia, and

California, where the successful enumeration of both coliforms and typhoid bacilli in

sewage and polluted waters was carried out at the time of outbreaks of typhoid fever. As

shown in Fig. 26, they derived a relati6nship between the morbidity rates from typhoid

fever in different areas and the ratio of Sthi to total coliform in sewage and polluted

waters. An actual ratio relationship, as shown in Fig. 26, between these organisms was

suggested, based on correction of the data reviewed for recovery ratios. This curve can be

described by the following equation:

y - a rn, (21)

where

a and n are constants - 3 and 0.46, respectively;

y - the number of pathogenic bacteria per 106 coliform organisms; and

r - the morbidity (relative incidence/100,000 persons).

Assuming that the relationship between coliforms and enteric pathogens holds for

both sewage and the receiving waters, one can then estimate the number of pathogens in

the receiving water. Based on a morbidity rate of 0.18 per 100,000 persons for typhoid in

the United States, the estimated number of S. t organisms is shown in Table 54.

Moreover, if we assume that the relationship holds for other Salmonella spp., as well as

Shigella spp., and that the morbidity rates for salmonellosis and shigellosis in the United
46States are 360 and 160 per 100,000, respectively, then the estimates of these organisms

in receiving water are as shown in Table 54. Note that the morbidity values for these

diseases are inflated by 95% over the reported rates because the reporting of these

diseases is roughly 5%.
Based on the ratio of pathogen to indicator organism shown in Table 54 and the

concentration of pathog,.nic organisms in finished drinking water previously calc dated

(see Table 53), the coliform concentration in finished drinking water can then be

calculated. The ressults of this calculation are shown in Table 55. As showm in Table 55,

the coliform density is for a cumulative probability of 0.95 and <5% of the troops ill,

which, for the purpose of this study, represents an acceptable level of risk.

Nevertheless, there are no relatively simple field tests for measuring the specific

concentration of any of the variety of infectious organisms previously discussed. Until

such tests are available for determining either directly or indirectly (based on indicator

organisms) the concentration of specific infectious orgcnisms in field water, the military

should continue to use the membrine-filter technique for the presumptive determination

of the presence of coliform organisms in water. The present field-water qiuality standard
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Table 54. Estimat,2d nunbar of L"cr.1 zcgens par .. illion cvlioz-=.

Bacterial pathornOrganism per milliLn coliUorrns

Salmonella th 1.4

Salrnvnal!a spp. 44.9
Sha sspp. 30.9

Table 55. Finihed dridng -water concuntration cumulative probability of 0.95 < 5%
troops ill.

Pathogen Treatment Coliform
Pathogen concentrationa efficiency densityb

Salmonella spp. 0.024; 0.0104 to 1.4 99.999 to 99.9999 53; 0.89 to 3110
SqIa spp. 0.049; 0.0017 to 1.4 99.993 to 99.9999 159; 5.5 to 4530

a Geometric mean, and G8% confidence interval.

b Geometric mean (organisms/100 mL), and 68% confidence interval.

based on this tcchnique (i.e., coliform dnsities should not exceed one colony-forming unit

(CFU) per 100 mL)47 is considered acceetable as both a short- alid long-term standard for

pathogenic organlsins, including virasi•s vwd protozoa. However, further reecarch should
be performed with regard to the applicability of a coliform standard to viruses and
protozoa as all of thmse orgaisnisn ht differ in their survivability and trcatability,

particularly w-ith rc,,-,mxct to dizinfcticcn. Nevertheless, no better relaticnshIp betwecn ae

indicator orgnninm and pathogenic orbr'.s in water exists at th£i time, and the coliform

standard is practicable for field appl'cation because it elininates the need to rn1nitor for

many different -athogcnic orgnnz,,ns that ma'y or may not be pre$ent.

To oveoonme any limitatior.s ai;.eiatcd with using a coliform stwndard for all

pathogcnic organitr.s, ccrsideration should be given to trar-sporting water samples
collectcd in the field to a centrally lccated field laboratory where detailed microbiological

an•Ay-.a could be conducted. Such ,z•ilysn3 woiud permit the conccntration of specific
ti be- determined.In a 1V.,5 field exercise involving approximately

50C0 trrot; deiployed over a 525-mi2 area in New Brznswick, Canada, a helicopter was
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used successfully to transport field-water samples rapidly to a central field-water testing

laboratory, with minimal sample deterioration. Test results were returned to appropriate

engineering personnel within a 24-h period. 48 The data from such laboratory analyses

could then be used in combination with the risk-assessment methodology discussed earlier

to estimate the related health risks to military personnel exposed in the future.

A two-tier analytical approach might also be considered that would capitalize on the

use of the membrane-filter technique in the field to determine whcther the concentration

of pathogenic microorganisms, particularly those of fecal origin, are likely to be of

concern and then, if indicated, employ the more sensitive analytical capabilities of a

central field laboratory to quantify the concentration of specific infectious organisms in

order to estimate health ris-.s in the future. The two-tiered analytical strategy would be

useful for prioritizing the locations requiring sample transport to a central laboratory for

further analyses.
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CONCLUSIONS

In this research effort we have accomplished the following:

1. Developed and documented a rational methodology for evaluating the risk of
infectious illness to individuals- drikinj water of varying quantity and quality.

2. Developed a mathematical mcdel (and computer program) for calculating the risk of

illness.

3. Identified a data format appropriate for the model. In this instance, the data are

separated into two groups: cne describing the likelihood that an individual would

encounter a given dose of a pathogen in water, and one describing the capability of

the exposed individual to withstand a challenge dose (i.e., dose response). Basically,
for given levels of pathon-es in water, water volume consurned, treatment

efficiency, and a pathogen dose-response relationship, a prediction of the number (or
percent) of affected individua:l can be made.

4. Compiled an extensive literature review of 11 pathogens of worldwide significance,
with particular attention to factors such as occurrence, persistence, dose-response

relationships, prevalence, disinfection resistance, and indicator-pathogen

relationships; and entered this information into a computer data base. This review is

in the Appendices of this report.

5. Conducted a quantitative risk assessment for 11 pathogens.

6. Identified drinking-water standards for low- and high-risk levels in terms of a log
mean and a standard deviation. The pathogen that causes the greatest risk should be

used in developing an overall numerical standard.

Finally, a rigorous calibration and testing of the model was hampered by the lack of
available data. Areas where more infof-mation is needed have been indicated. However,

the model provides an opportunity to estimate the health risk from many different
waterborne pathogens.
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UNCERTAINTIES AND RESEARCH RECOMMENDATIONS

In performing this study, it became obvious that the analysis of risk is influenced

strongly by the information available on the occurrence and concentration of the pathogen

in water, as well as the level (i.e., efficiency) of water treatment. The lack of

information on the occurrence and concentration of pathogens in water is disturbing.

Better definition of this variable would improve the confidence of the risk estimates.

As discussed in the Appendices, there are many instances in which no techniques

exist that would. allow for the measurement of pathogens in water. Therefore, it is

strongly recommended that additional resoarch be performed to develop reasonable

quantitative techniques for the isolation and enumeration of important pathogenic agents

in water. These methods could then be applied to determine the concentration of these

infectious agents in priority waters in selected geographic areas.

As for the level of treatment, the risk estimates made in this study assumed a

maximum treatment-efficiency rate of 2- to 5-log removals. Reducing the uncertainty

associated with this variable by reducing the pathogen-removal range and/or increasing

the removal rate was shown to improve the confidence of the risk estimate. For example,

increasing the treatment-efficiency removal rate from 2 to 5 logs, to 4 to 5 logs, and 5 to

6 logs dramatically lowered the risk distribution as shown in Fig. 24. Documentation of

the removal rates of military water-treatment equipment would improve the confidence in

the risk estimates.

In addition, several other issues warrant further investigation. These issues include

secondary infections, multiple exposure days, the relationship between infection rates and

cases of clinical disease, indicator-pathogen relationships, and large numbers of troops at

risk (i.e., >20).

In this risk-assessment exercise we have assumed that the infections involved would

be associated only with water contact. There may be secondary infections in which the

primary infected case transmits the disease via person-to-person contact. The impact of

this latter scenario on the risk of disease to exposed troops should be evaluated.

With regard to multiple exposure days, the model, as developed, is based on a

single-day exposure. An approach to addressing this issue could be to use the concept of

sampling without replacement. That is, on the first day, the entire population is exposed

to the dose distribution. A risk curve is calculated, using the model, and an acceptable

risk is identified. Subsequent days of exposure are considered independently, and the

population is reduced by the number ill for each day. This assumption is conservative
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Sbecause it eoes rot recognse those ,Yh~ca imhnvnity daveloped from previous exposures.
Because of this assumption, the approach may only be appropriate for trine periorls up to
7 d. This approach can be represanted by the following equation:

W - (1 - F)kN, (19)

where:

W - number of individuals remaining well,

F - fraction of individuals ill,

k - day-s of erposurr, and

N - total population.

For example, the military could indicate that F - 10%, that k - 7 d, and that N - 50

individuals. Bas.d on the above equation, W would then equal 26 individuals remaining

well or 24 ill individuals. Alternatively, the military could specify the number of troops

that must remain well (W) within a slpecified time period (k). Then F, the acceptable

fraction of troops becoming ill, could be calculated. Once F is identified, the risk model

can then be used to identify the concentration of pathogens in the finished drinking water.

Frequently, dose-res-conse data on infectious disease are reported in terms of

infections rather than of clinical disease; this is particularly true with viral diseases. To

reach more accurate evaluations of risk for debilitating disease, it would be very valuable

to develop infection/disease ratios in those cases where only infection data exist.

Indicator-pathogen relatioriships are a major area of concern. Information

concerning this relatior--dhip is extremely limited. The most important effort in this

instance is the 1943 report by Kehr and Butterfield.3 2 They attempted to associate

coliform number with the concentration of S. . hi as a function of disease morbidity.

More adequate information of this End is ur,-ently needed for the rational intorpretation

of water-monitorin- data.

The last issue relates to the number of indlividuals (i.e., troops) at risk. The model

runs to date have been using n - 20 L-idividuals at risk. An interesting question that
warrants investigation is whether the risk distribution would change if tho number of

individuals at risk were to incre=se. A run of 100 individuals at risk was made. A

comparison of the results that develop with a run of 20 individuals is shown1 in Fig. 27.
Based on this example, it appears that as n increaes, the risk distribution changes,

slightly. This change appears to result from the variance ass)ciated with the risk

distribution.
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Figure 27. Cumulative-ris c',rvs showing effect of charnes in troop number (n) on the

risk of becoming ill as a consequence of consumption of enterovirus in drinking water.

Each curve was determined usLng either n - 20 or n - 100 tropz.
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Review of the risk-distribution variance, Eq. (12), indicates that the variability

associated with the observed proportion of ill individuals among a group of size n
originates from two sources: (1) the binomial distribution f(xfe), and (2) the

beta-distribution g(G). For large numbers n of individuals, the binomial sampling
variability becomes negligible, and it appears that the risk distribution is then

approximated by the g(O) distribution. Further review of this assumption is necessary. It

appears that modification of the model to allow for the calculation of risk for a large

population has interesting implications relative to the risk associated with municipal water

supplies, and such modification presents the possibility for verification/calibration of the

model against reported incidence data. Further work should be conducted in this area.
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APPENDIMC

DATA BASE FOR ASSESSING THE HEALTH RISKS

ASSOCIATED WITH THE CONSUMPTION OF

WATERBORNE INFECTIOUS ORGANISMS

Each of the first three apendices (A, B, and C), which repmesent the data bae
used for aepensing human health ri., dc.crih.s the envirconmcntal prop.rti ,s of a slizcific

pathogen or group of path ;r'os, as well as the epidernology] and ccntrol of dis cn.s

associated with those inftctiouos org-*nir s. Th.es eppendices are gSo~ped by bioloical
class of pathogen: bacteria (Apps-ndix A), vitses (Appendix 3), and partritcs (i.e.,

protozoa and helminths) (Appenmdix C). Each appencix is divided into .'•ctions that dirsu.s

individual topics. The sections are indicated by subscripts to the ap.pendix letter (e.g., A1,

A2 B1, B2, etc.). To keep each sectionld topic as an individual unit, the separata sectio•s
are each followed by their own references. The tables in each section are identified by a
number preceded by the appendix and suFscripted section inlPcator (e.g., Tablo AI1,
A1-2, B f1, B f-2, etc.). Emphasis in each section is placed on (1) the occurrence and
concentration of the pathogef in the environment, dose-re::'z:se relation.ships, and

indicator org.nism-pathogen relationships; and (2) the presentation of complex (and
sometimes contradictory) evidence as clearly and concisely as possible. The source of

information for the appcndices is the open literature.

Appendix D summarizes the uncertainties encomntered in our research and
identifies potentiM areas for further study.
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APPENDIX A. EACTERIAL ORGANIJS

SECTION 1. Shigella

ETIOLOGY AND CLINTCAL DISEASE

The genus ýj-Ila is made up of Cram-negative, facultatively anaerobic, nonmotile
rods. Four Tpecies exist and are all pathogenic in humans and other primates, The, four
species are divided into groups: Group A, S. dy ýnteriae (10 serovars); Group B, S. flmir"nI
(17 serovamr); Group C, S. hoyi (15 serovars); and Group D, S. sonnei (1 serovar). Most

other animals are resistant to Shiaella infection and disease. 1

Shigellosis, an acute bacterial disease involving the large intestine, is characterized

by diarrhea and is accompanied by fever, nausea, vomiting (sometimes), cramps, and

tenesmus. In severe cases, stools may contain blood, mucus, and pus- and both mild and

asymptomatic infections occur.2 Shigellosis differs from salmonellosis in that h•la

organisms rarely invade beyond the mucosal epithelial ceils or submucosa lining of the

intestine. 3 In severe cases of dysentery, mucosal destruction and ulceration occur but do

not extend beyond the intestinal tract.3 il~ a .d..y; nterine type I produces a heat-labile

exo-enterotoxin that affects both the gut and central nervous systcm.4,5 The severity of
illness and the fatality rate are functions of age, nutrition, and dose of organism. For

S. dvsenteriae (Shiga bacillus) infection, fatality rates approach 20%; for S. sonnei

infection, a short clinical course results in an almost negligible fatality rate (except in a

compromised host). 2

The symptoms of shigellosis may last from 48 h to several months. 8 Sh6dding,

however, may continue up to several months in asymptomatic carriers. Treatmcnt with

amrpicillin and tetracycline shortens the clinical disease and shedding stage of 9

OCCURRENCE

Shigellosi. occurs worldwide, primarily in children under 10 y old. Outbreaks of this

serious disease are common under conditions of crowding and poor sanitation, such as in

jails, in-titutions for children, mental hospitals, crowded camps, and ships. It Is eodemic

in both tropical and temperate climates, and Its habitat is the gut of human's and other
2

primates. All waterborne ouwbreaks have been asseciated with fresh waters rather than

marine waters.
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This literature search revealed that, until 1979, Shiglla spp. had been the most

common bacterial patLoar•s izolated from watertome outbrears in the United States,

with rates of 4.1% in 1975 and 5% in 1979.1012 In a survey1 0 conducted in the U.S.

between 1964 and 1973, water was found to be the common source for 14% of all

shigellosis outbreaks. Shi!ella rornei has been the most common .higella spp. isolated in
13-16waterborne shigellosis.1- Also, the most common U.S. water source of shigellosis has

been well water and/or semipublic water systems. 17-19 Mixed infections have been
20,21reported to occur in up to 39% of shigellosis patients. In developed countries,

[S. bovdii is the most common species, whereas in areas of poor hygiene, S. •nten.e is
predominant.22 For a summary of attack rates, sources, carrier rates, ad secondary

ottack rates, refer to Table A-1.

RESERVOIR

The only known significant reservoir is man, but outbreakcs have been reported in

primate colonies.2

MODE OF TRANSMISSION

Transmission is by direct or indirect fecal-oral contact from a patient or carrier.

Water, milk, and flybome tra.nsmission may occur as the result of direct fecal

contamination.

SUSCEPTIBILITY AND RESISTANCE

Exposed populations are generally susceptible to infection following ingcstion of a
small number of organisms; the disease is frequently more severe in yoing children than

adults, among whom many infections may be asymnptomatic. The elderly, debilitated

individuals, and persons of all ages suffering from malnutrition, are pirticularly

suvceptiblo to severe disease, including dcath.2

ENVIRONMENTAL PERSISTENCE

The literature search rew.,ailed one in-depth ex•periment describing hitla~ survival

under environmental conditions. This work by Wang gt el. 3 0 showed that 5ýL7e21La survived:

(1) longer when fecal coliform (FC) numbers were high; (2) poorly when total plate counts
were high L G heterotrophic organisms/mL); and (3) longer at lower temperaturcs
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Table A1-1. Occurrence of Shiella spp.

Shigella spp. Location ARa Source Ref.

S. sonnei United States 437 Well water 23
United States 720-920 Well water 14
Brazil 320 Tap water 21
United States 185 Tap water 16
United States 180 River water 16
Thailand 30 TDb 24

S. _d_.vent eri1e Guatemala 60 Water 6
Bangladesh 120-280 Well water 7
Bay of Bengal 330 Well water 8
Thailand 30 TDb 24

S. flexneri Caribbean 350-900 Cruise ship 25

Thailand ill TDb 24

S. d Thailand 60 TDb 24

S ela spp. Canada 703 Lake water 26
United States 681 Lake water 16
United States 90 U.S.-widec 27

Shigella spp. Location CRd SARe Ref.

S. sonnei United States -- 90 14
Great Britain 6 120 28

S. dysnteriae Guatemala 337 6
Bangladesh 204 7

Shi~etl! spp. United States - 750 10
Panama 28 -- 29J a Attack rate (per U000).

Travelers' diarrhea.

Based on reported diSease outbreaks in the U.S.
d Carrier rate tpar 1000).

e Secondary attack rate (per 1000).
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(i.e., 15 to 17°C vs 200C). ShjgeU survived 22 d in well water; however, die-off

reportedly began within 1 h.29 Therefore, it can be said that Shi.ella under ambient

conditions (150 to 20°C) will persist longest in fecally polluted fresh water. 'At lower
temperatures (0 °C) ShgeLla has been shovm to survive for 47 d in a frozen river in Siberia
and 135 d in arsociated soil. It is thought that the permafrost may maintain a reservoir of
Shigella around Siberian settlements. 3 1

ShigeLla can be resistant to increases in salt concentration, but this phenomenon is

temperature-dependent. For example, in an estuarine environment, Shigea may persist

for 25 d at 130C, but only 4 d at 37°C. In seawater, Shigella survival is strain-dependent,

persisting from 15 to 70 d. 3 1 Shipella flamoeri strain 6 was found to grow in stored water

contaminated with seawater on a cruise ship.25 Fuzther evidence of survival in seawater

was given by Mitchell, showing that Shiella die-off in seawater is not very rapid; about

90%/d.
3 2

In fresh water, _hijella displays the same basic survival pattern as most other

enteric organisms, except that die-off occurs more steadily, and the organisms completely

disappear within 14 d. 3 3 When compared with other enteric bacterial pathogens, Shi•ella
was second only to Aeromonas in persistence. 3 4

DOSE RESPONSE

The dose-response data presented in Table A-2 are based on human-volunteer

feeding studies with Shi7ella ! vsent.riae type 1, strains pandemic M131 and endemic A-i

and S. flexnori 2A# and 2A#1. Secondary attack rates are quite high, especially under

crowded conditions. 1 0 ,3  A waterborne Shijclla epidemic in an Iowa school and adjacent

buildings resulted in a secondary attack rate of 9%.14

LATENCY

Latency data for Shi~l.-la spp. are presented in Table A 1-3. Latency of shigellosis

typically ranges from 1 to 7 d,2 and the disease symptomology is usually rapid once the

organisms have become established in the gut.

DISINFECTANTS

Most common disinfectants have been shown to be very effective against 221•1l3.

The infornmation in Tablo A1 -4 has been b;-ed mostly on in situ studies on S. dys "i 2
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Table A1 -2. Dosa rzzponre for S sup.

Dose ARa Shigella spp. Ref.

10 100 S. dysenteri aeb 36
10 500 .dyenteaeb 36

1.8 x 102 180 S. flexneri 2A# 22

2 x 102 250 S. dysenteriaec 36

2 x 103 700 _. d .enteraeb 36

5 x 103 670 S. flexneri 2A# 22

104 330 S. dysenteriaec 36

104  830 S. ysenteriae b 36

104  760 S. flexrneri 2A#4 22

104 250 S. flexneri 2A#0• 22

105 440 S. flecneri 2A# 22

105 750 S. flexneri 2A#0 22

106 860 S. flexneri 2AP# 22

107 680 S. flexneri 2A#i 22

108 750 S. flexneri 2A## 22

a Attack rate (per I000).

b Strain - pandemic M131.

c Strain - endemic Al.

Table A,-3. Latency of ql11a dyventeriae.a

Dose Latency (d) S. dyventeriae strain

10 4.0 Pandemic M131

102 3.0 Pandemic M131

2 x 102 6.0 Endemic Al

2 x 103 6.1 Pandemic M131

104 5.2 Pandemic M131

104 3.0 Endemic Al

a Ref. 36.
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Table A1-4. Effect of disinfectants on Shi7lh s:p.

Dose Contact time Temp
Disinfectant (rpm) (h) % kill pH (°C) Ref.

Chloramine 1.2 0.33 100.00 7.0 20-25 37
NaOCI 0.05 0.08 100.00 7.0 20-25 33

Javex - 3.00 100.00* - - 26

NaOCI 0.1 0.25 100.00 - - 25

NaOCI 1.3 - 100.00 - - 38

NaOCI 3.0 - 100.00 - - 38

Halazone - -- 100.00 -- - 8

Based on end of outbrealk upon administration of disinfectant.

However, in those studies where disinfectants were added in response to an outbreak, the

species type was not given.

MONITORING METHODS

Methodology for the detection of Shigela is qualitative and low in sensitivity.39

This is due in part to the biochemical instability of Shigolla characteristics in the water
environment, and also from the antagonistic growth effects of coliform bacteria and
Proteus 11Ji-.39

Concentration techniquas are thcse that have been outlined for SaLnonella in
Section 912A of Ref. 39. Enrichment for Shinalla must be done with a selective
enrichment medium in order to mininmize accuunilation of volatile acid by-products from
antagonistic bacteria. These media are described in Section 91MD.2. of Ref. 39 and
feature pH, temperature, and negative-enrichment inhibitory techniques. The selective
isolation medium of choice is xylcse lysine desoxycholate (XLD) agar, where WhiruUa

colories are red and non-Shir•g1 colonies are yellow. Further biochemical identification
can be carried out on biochemical properties axd characteristics of isolated colonies.

Serological identification may also b-- employed using the slide agglutination tachniques

(Ref. 39, Sec. 912A.4.) with ghi•c__•a antisera.

99



Volume 5

INDICATOR-PATHOGEN RELATIONSHIP

At present, the state of enumeration techniques for ShPge~la spp. present in water

samples are inadequate; thus, a direct comparison with coliform numbers is not available.
The only data available are qualitative. McFeters et al. 3 4 have shown that Siell
survived longer than coliforms in well water at 9 to 130C. This latter information may
raise some doubt about the validity of colifonms as indicatnis of the presence of

Shie 38 but it should be remembered that it is only one study. Table A-5 below
contains some information on the presence of Shiggla spp. and the number of coliforms.

CONCENTRATION IN THE ENVINRONMENT

As stated previously, there are no adequate techniques for accurate enumeratiun of

Shgella concentration in the aquatic environment; thus, no data are available. The

number of Shgella that might be present in a receiving water can be estimated from the

number of Sige13 found in stool (i.e., approximately 106 org7.Arms/g of stool). 3 0

Table A1 -5. Indicator-pathogen relationship with Sgella spp.

Indicator
Sjgea spp.a (coliform/100 mL) Source Ref.

S. sonnei 125 Well water 14

S. sonnei 33 Tap water 21

S. sonnei 8 Cl tap water 21

S. dysenteriae >50 Well water 38

S. dysenteriae 130-900 Well water 8

S. flexneri 49-170 Cruise ship 25

Shiella spp. 36-1260 Lake 26

hgea spp. 4 x 105 Effluent outfall 40

Sjgea spp. 5 x 106 8 Ian downstream 40

Shijell spp. 17500 River water 16

a Reported as present (not quantitative).
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SECTION 2. "< tr

ETIOLOGY AND CLINICAL DISFASE

rnCraerophIqc, ,t ~il C e4-,sup if ýr A-dr , spir~ffy curvcd rcd th at is
rnirocrohiic rdmotile. This orgairisr w7_ orijindaly thouoht to be a voterinary

pathogen only, but now it is rccognih ad -,s amajor cau~ic f enteritis in hiumoms. 2

C. leiyni enteritis is char-ýcteriizpd by a3cutoidr{ca ab-dominil poin, malamsc, fever,

nausea, vomiting, and constitutionial conp-lahats. GnCf;,s or cccult blood in anzci'ition with

white cells is u-r-,sent Lin thio Licqud, foul-mL!stz.3 Ai ty;:Ical winrlromni of th.15 typoi

raroy involvcAs fe'brilla ccn-vulsions and mci;itsrh3 illhizss is frccjuently Splr-limiting

within 1 to 4 d, lasthig no more th;jn 10 d.3 Ciaiui of the dlsiasea is b-scfl on culturn of

the organisms from stooLs using s-pcia1 rnoIdia i oral inculiatictn conditions.4 
_mce

has alro been identifiod as a~ causo of s~cccn""ary CL4ccts of infcction. Such as arthritis or

OCURNCE to o ind p

Campylobactor entacritis usually occur-, during ruin-rner and fall1 rathir than in wintcr and

spring. Thiýs may adaipottth illiIhihicdneo rplb.ccr

enteritis5 in triveler-s' (.i,-rriha (Tabla A -1). A euiyof diar.rhcen pýAicts~t in

rovenled that mixed infc:cticrs with ot~her :tra.vi;-'J, or protozoal palho2ens occurred:,
more frequently f 2% n paticnt!, with C. Jpjwl. ý carcs of Cwrpylobacter havn be

Wcentifiod in spocialar Zuntoia conaris pnnedY e~ctlj

rate and secondrl ýh ic t~k raý, _r Ž2! ;;,p. arc prcstnited in T;IblaA,,-1.

A wideo varioty of r!u ieritic nxilnllS, ire rh r>i!try. swim". beef. u :;s

rnd othj3r peti. as wtell if, wild -,rriz:1,s, innd i+,art. Imawn to excrcle C, fotejiTý, i
3

their fecras. rhcý,,c xin~r s ýire t:c mij or Me irflfection.
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Table A2 -1. Occurrence of Caxmnylobacter spp.

Location ARa Source CRb SARC Ref.

England 480-580 Well water 7

England 71 Diarrheal patientsd 8
dEngland 140 Diarrheal patients 60 17 9

England 178 Diarrheal patientsd 10

United States 200 Well water 11

United States 51 Diarrheal patientsd 370 12

Thailand 30 U.S. touristse 13

United States -- Nationwidef 670 14

United States -- Nationwidef 1.2 660 15

Sweden 90-167 Well water 16

Sweden 69 Diarrheal patientsd 17

Nor-way 26 Diarrheal patientsg 18

Mexico 111 Panamanian touristsh 19[ dBangladesh 140 Diarrheal patientsd 6

Worldwide 100 Diarrheal patientsd 20

Worldwide 30-140 Diarrheal patientsd 2

a Attack rate (per 1000).

b Carrier rate (per 1000).

C Secondary attack rate (per 10C0).

d Occurrence of Cupj!noba•tr r isolation from diarrhea patients.
0 Incidence of Campylobacter diarrhea in U.S. travelers to Thailand.

Secondar attnck rate average in Campy ibarter outbrea ks in U.S.

9 Highest rate found in adults 20 to 29 y old; >50% imported caes.
h Pana•mnaan travelers to Meexco.

MODE OF TRANSMISSION

Tra smi~icn is presv.,ed to be by inge~stion of the org n1,;s contained in

contaminated watb r or feod and via direct contact with infccted humans and animals, 3
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SUSCEPTIBILITY AND RIZr/ANCE

There is universal sirceptihility when a sufficient number of ornanisms is

encountered. Tho elderly and the very young are the most suacceptible. Immune

mechanisms for C :!obacter spp. are not we11 understood. 3

ENVIRONMENTAL PE.RMTENCE

There wass only one study found that decribed the environmental persistence of

C. kii'i.2 1 Blaser et i!. subjectcd C. j:,ji to a variety of environmenta co.litions. Of

those environments tcsted, hydrochloric acid and stream water are of the most int•mst.

Camnylobncter i persisted in hydrechioric acid for >30 rain at pHl 2.5 and 370C

(6-log reduction), but was complotely elimninatc-d in 5 min at pH 2.3 (>7-log reduction) and

within 20 min at ZH s.4. Therefore, it would appear that any rise in stomach pH or

achlorhydria would prcdLipcse the host to Introduction of C. Jrjuni into the gut. AL.o, this

implies that a large inoculurn of C. jijni is roquircd for infection "•us to the ability of a

normochlorhydric stomach to reduce the number of this organism by four orders of
magnitude in 1 min at pH < 2.4.

In autoclaved Colorado surface w4atrr, C. igui suirvival was shown to be

temperature-depeIndent.21 Orawsn.s incubated at 25"C survived no more than 4 d,
whereas those incubated at 4C survived for more than 4 wk. Therefore, it is conceivable

that in contaminatod cold waters, small numbers of C. iaimn are capable of initiating an

infection due to rapid wash-through of water to the gut. 9

DOSE RESPONSE

22.23 _____

Only two report.2' on infective dose of C. 1e'Lni in humans were found in the

literature review and involved only tv,wo individua1I (see Tables A-2 and A Mill wa1

the delivery vehicle in both studics, Pnd bccau..o it tends to reduce acid in the stomach,
the Infective dcse was probably lower th,:n weuld be ths case with water as the vchicle. 22

The symptornmolgy for Campylobacter enteritis at thr.se doses persisted for 7 d.
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Table A2 -2. Dose response and latency for Camn,.acb~acter lElufl.

Dose ~ Attack ratea Latency (d) Ref.

500 1000 (1/1) 4 22

10IO 1000 (111) 1-3 23

]a Attack rate (per 1000).

Table A2-3. Hypot'.ho-nte effect on C'Myojicter.

Numbr o Cocentatin o C[in ppm/negative growtha

Numbr ofduring exm~surn ti-me (rmnl~

organisms tested I 15 30 240 >240

10 107 - 5 2.5 1.25 0.312

1_101.25 - 0.625 0.156 0.078

aMinutes of exposure to achieve total removal.

LATENCY

The latency associated with a known dose. is presented in Table A2 -2. The

epidemniological literature, however, indicates incubation periods ranjing from 3 h to 10 d,

with the average at 3 to -ad5 ,51,02

MONITORDIG MrETHODS

The physiological rcquircmeý-nts for tho growth of C. jft,2,t itelaotry have

made it diffIcult to L-z.late from the environrment. A special negative enrichment medium,

Incubated at 42-43*C in a micronerophilic atmosphere, ie employed in order to discouragn
84the growth of competitors. Two methods of L-olation are outlined.4 There procedures

are not adeqpiata for the isolation of CmvTctrfromi water sourccs, partly because of

the filter tvchnique3 described for isolation from feces, the medi1a employed, and the low
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concentration of Ci ,!obctr in rnmct water sorc=s. Mathewson et -A.19 have

decribcd a tcciaquo for ,ncre!.sad recovery of C?.mn obatcter from water ,aurccs with

Zeta Plius, Zetapor f'ters (03401% recovery efficiency). Bopp et at. have sho-vmn that

use of a 0.45-pm M .Aipore filter or Z otaper filter ,wth an enrichent broth gives the best
rei;overy of C. kj from surface wat•rs. Work is now being conducted to develop a more
efficient selective medium for the Lolation of Cam•ylobacter from the envirmnment.

DISINFECTANTS

Only one study on the effects of d3isnfectants on Car2ylo0acter w-,s found in ths
search. 26 Many of the dfinfectants stut'icd are topical dissinfectants that ara employed in

cleaning surfacas, such as those that may be used in day-care centers. Of the

disinfectants listed, the data for removal by hypchlorite are those of importance to water

treatment. The effcct of hypochlorite on low concentrations of CamTpvIobactpr probably

best reflects the dtsinfection of naturally occurring numbers (Table A2 -3).

INDICATOR-PATHOGEN RELATIONSHIP

For most C-rimy~obscter outbroak,. no quaitativ data exist on the bacteriologicac

conditions of the siuspected source. Mcntzin- reported 0-50 coliforns/L from a

waterborne outbreak in Sweden. More data are rcquired before any relationship can be

drawn between the number of coliforms and Cvm,.lobacter in water.

CONCENTRATION IN THE ENVIRONMENT

No information w-.5 found in the current literature concerning the nur"nb.rs of

Camnyloqtcter occurrin P.rally in the environment. This lack probably results fiom a

lack of qantitative Lso!ation technIuqucs.

Table A2 -4 represents negative gr,,th after 15 min of contact time of tho stated

concentration of disinfectant, with an initial Crmry on'acter dose of i06-017 ornie •.
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Table A2-4. DaLnfoctaont effzct an CF-mr~;obacter.

Dizinf ectant Concentrationa

Phenol 0.078%
lodophor 10 ppm
Quaternary NH3  100 ppm
Ethyl alcohol 70.0%
Formalin 2.5%
Gluterald.ahyds 0.0156%
Hypochiorite 5.0 ppm

aNegative growtvh after 15 mini contact (initial eosa10 to 10 7 ornaiaao
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SECTION 3. Vibrio cholerae

ETIOLOGY AND CLINICAL DISEASE

Vibrio cholerae is a short, slightly curved, Gram-negative rod responsible for the

disease known as cholera. There are several strains of V. cholerne that are pathogenic to

man. Vibrio cholorae 0-group 1 is made up of Classical and El Tor biotypes and either

Inaba, Ogawa, or the rare Hikojima, serotypes. All of these organisms produce an

enterotoxin. Another group includes the non-O1 V. cholerae vibrios (nona"glutinable or

NAGs), most of which appear to be nontoxigenic but can display a spectrum of

enteropathes, including the production of cholera toxin. 1 ' 2 Recently, O'Brien et al. 3

have described environmental and human isolates of V. cholerae that produce a

Shiell dysenteriae 1 (Shiga)-like cytotoxin. The Classical and El Tor biotypes are

associated with cholera epidemic or pandemic outbreaks. The non-O1 vibrios are

associated more with smaller outbreaks and sporadic cases. 4

Morris et al. 5 recently isolated a strain of V. cholerae 01 from the Gulf of Mexico,

which did not produce cholera toxin, but still caused severe gastroenteritis. It was thought

that an atypical extracellular toxin may have been the cause.

Cholera is an acute intestinal disease with sudden onset, profuse water in'stools,

occasional vomiting, rapid dehydration, acidosis, and circulatory collapse. Death may

occur within a few hours; the fatality rate in severe, untreated cases is >50%; however,

with proper treatment the rate is <1%.4 Mild cases with only diarrhea are common,

particularly in children. Asymptomatic infection is much more frequent than clinical

illness, especially with organisms of the El Tor biotype. 4 Blood-type 0 individuals are at

high risk for development of heavy purging,6

Cholera is primarily a waterborne disease. The relatively large volume of water

drunk probably reduces the effectiveness of stomach HCI as a barrier to infection. 7 ALo,

since the residence time of water in the stomach is short, V. cholerae can pass quickly

into the gult. In normochlorhydric patients, gastric juice can kill 109 V. cholerae
7

organismTms/L. Cholera can also be foodbome in aociation with shellfish and marine

products. 4

Cholera symptoms in severe cases may last for very short periods: El Tor, 5 d with

nontreatment and 3.2 d with treatment; Classical, 0.7 d with treatment. Prompt fluid

therapy is the recommended treatment for cholera in order to counterbalance the massive

loss of electrolytes and to correct for dehydration, acidosis, and hypokalemia. 4 Sugar and

salt solutions have been designed to deal with cholera diarrhea (i.e., WHO diarrhea

treatment solution or Darca solut!on). 4
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OCCURREINCE

The distribution and number of V. cholerae are asociated with water salinity, and

they appear to be autochthor~nus to estuarine and marine environments.8-11

Pandemic cholera repeatedly spread from India to most of the world during the 19th

century. During the first half of the 20th century, the disease was largely confined to
"Asia, except for a severe epidemic in Egypt in 1947. More recently, cholera has been
reported throughout the Mediterrean area (North Africa, Portugal, and Italy).4'12 Also,

several outbreals have been reported from the South Pacific in the Gilbert Islands1 and

on Nauru.
14

In the United States, the first report of cholera in over 60 y occurred in Texas in

1973.4 Since that time, there have been outbreaks and sporadic occurrences in the U.S.,

Canada, and Australia. 4 "1 '1 5- 9  There have been numerous isolated casr. of
V. cholerae 01 and non-e1 from the three coastal areas of the U.S.;

Chesapeake Bay, 15 '16 Gulf states, 15 '17,1 8 and Califomia. 11

Table A3 -1 presents some data on the occurrence of V. cholerae. Secondary-attack
rates have been reported in ranges of 42 to 407/1000 individuals exposed, and carrier rates

of 7 to 130/1000 with cholerae. In a 1982 review of worldwide cholera distribution,

summarized by the United States Centers for Disease Control, there were 33 countries
that reported incidences of cholera: 14 in Africa; 17 in Asia; and two in Oceania. Also,

there were eight imported cases in Europe and the U.S. 19

Until 1973, V. cholerae Classical was the predominant biotype in India and
Bangladesh. 20 '2 1 However, following an "unexplainable 15-month lapse in cholera cases"

in 1973, the El Tor biotype appeared in many outbreaks.21 Most recently, surveys have
shown that the Classical biotype is rapidly replacing the El Tor biotype in epidemics in

Bangladesh. 2 0 No explanation has been found for this cycle of biotype change.

RESERVOIR

In the past, man has been considered to be the single reservoir of Classical and

El Tor cholera, but evidence is accumulating that other environmental reservoirs may
exist. 4 '1 1 '1 5- 18 Sanyal et al. 29 have shown that 0.6% of household animals studied in

India were carriers of V. choleran serotype I and that 3.6% were positive for non-O1
vibrios. Cholera vibrics have also been isolated from estuarine, marine, and brackish

waters that did not appear to be polluted.11'15-18
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Table A3 -1. Occurrence of Vibrio cho1erae.

Location Biotype Water source ARa SARb CRc Ref.

Bangladesh Classical Brackish 1.3 21

Bangladesh El Tor Brackish 2.9 21

Bangladesh Classical Fresh 190-250 42-164 7 22
dBangladesh El Tor Fresh 80-206 407 Snt,3t 22

Pakistan Fr- 5-20 100-260 23

Pakistan Fresh 1-4 - - 23

Portugal El Tor Spring 2.6 12

Philippines - Well 134 24

Bangladesh El Tor Surface 111 25

India - Well - - 100 26

Gilbert Islands El Tor Drinking 20-210 - -- 13

Nigeria non-e1 Well 5 -- - z7

United States .- - 130 28

a Attack rate (per 1000).

b Secondare attack rate (per 1000).

C Carrier rate (per 1000).

d nt - no treatment; t = treatment.

MODE OF TRANS1,,4SION

The mode of transmission is primarily through the ingestion of water contanrmnated

with feces or vomitus of cholera patients, or, to a lesser extent, feces of carriers, or by

food contaminated with filthy water, feces, moiled hands, or flis. Per'son-to-peraon

spread by direct contact is thought to b3 of minor importance.4 ALso, seafood (es-pecially• , 4,30 - l2
shellfish) has been found to be a major carrier of V. choleraq. Deb et a. 2 6 studied

intrafamilial tra&r,-md=ion of V. cholerae, and found that 10% of family contacts were

asymptomatic carriers, and of these, 6% had viable V. cholerae on their fingers. More

recently, Hu,7hs et el.31 described the importance of surface water and V. cholerae

transmiAssion. It was found that there was increased risk to those f-ailies that utilized

water contaning V. cholerai for cooking, bathing, or wasid-ng. However, increased risk

was not foumd for families drizldng surface water containing V. cholerae.3 1 These data
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are in contrast to the commrnon notion of cihlo1ra tr~niin, which is believed to be by

ingestion of contaminated water. However, thifs probably reflects the role of croys-

contamination from skin, clothes., and utcisils to foods &aid the host.

SUSCEPTIBILITY AND RESISTANCE

In endemic areas, clinical cholera uually is confined to the lowest socioeconomic
groups. In epidemics, attack ratcs rarely exceed 2%. Increased resistance occurs

following infecticn, du. to rise in agl~utinatin,, vibriocidal, and antitoxic antibodies

against homoloous types. 4  Persons in endemic areas acquire antibodies by early
adulthood. 4 Vaccines are available, but protection lasts six months at most and does not

prevent asymptomatic infection. 4

ENVIRONMENTAL PERSISTENCE

Vibrio cholerae apnear to be autochthonous to estuarine and marine• . 11,15-la
enviromnents. " There have also been numerous isolations from surface, well, and
tap water (see Table A3 -2). There have been many studies concerning the survival of
V. choilerae, bnd some of these data are presented in Table A3-2. Some generaLities are:

(1) El Tor vibnos survive longer in fresh water than Classical vibrios; (2) in sewage, both

biotypes, as well as the different serotypes, show ao difference in survival; (3) vibrios

survive in low numbers in estuaries at lower temperatures (overwintering); (4) best
survival and growth appears to be in marine environments during the summer months.

DOSE RESPONSE

Table A3-3 summarizes the dose-response data for V. cholerae in volunteer studies.
Previous studies have reported an infection-to-case ratio of 2:1 to 4:1 for Classical

cholera, and almost 100:1 for El Tor cholera. 2 2 However, the data in Table A3-3 show
that, in volunteer feeding studies, the rates for Classical and El Tor are very similar.

Also, Khan and Shahidullah 22 recently surveyed cholera in Dacca, and found that the
severity and attac!. rates of cholera due to El Tor biotype were equal to those of the
Classical biotype.
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Table A3 -2. EnArornmntal m ur.ristence of Vibýrio choleraa.

Salinity Temp Survival
Location Source (Ppt) (°C) (d) Ref.

U.S. Brackish 25 20-25 Summer months 8
U.S. Brackish 5 10 4 8
U.S. Brackish 25 10 2 5 - 4 2 a 8

U.S. Bracidsh < 3-31.7 Year-round 11
U.S. Marine 32 In crabs 30

U.S. UnInown Several years 18
U.S. Marine-bracki-sh < 32 Warm 3 mob 17
U.S. Marine-bracki'h 6-12 Year-round 16
U.S. Marine-brackish 9-12 Die-off: 102/2 d 30
England Estuaries 0.5-3.0 Prolonged 32

England Surface water 3 mob 33
Pakistan Surface water Warm 3 mob 23
India Well water 21 12-51 33

India Well wviter 37 1-4 33
Bangladc.sh Surfaze water 7-13 34
Bangladcsh Marine 10 35
Worldwide Sewage 10 10
Worldwide Sweaty c!othes 7 10

Worldwide Sewage (USSR) 400 10
(Classical) Well water 3 10
(ClassIical) Surface water 0.75 10
(Cla,-sical) Marine 4 10
•(Clasical) Tap water 0.91 10
(ClAamical) Sewa g 0.5 10
(El Tor) Wall water 5 10

(El Tor) Surface water 2.2 10
(El Tor) Marina 2.3 10
(El Tor) Tap water 2.0 10

•i(El Tor) Sewagea 2.75 10
tIWorldwide Harbor 8136
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Table A3-2. C tr)

Salinity Ternp Survival
Loocation Source (PO( 0c) (d) Ret.

WorldWide Marine 64 30
Worldwide Surface <32 36

Warldwvid3 Ma.ine 10-47 30

a During, wiý,tar cnz.
b Ditrhig summar n-ontLl-5

LATENCY

The data coll.ected on latency of V. r)' 9p'i indlicate that, daf~rndcnt upzon, 6-1,sý tho

incubation time for V. cHolorioi diarnrca ri~~fro.n a few hours to 5 d. Uzially the

incuba' ion timen 14 2 to 3 d. 4 ,2 3 ,37 Sci Table A 3-4.

DISIN FECXTIAN73

There have not beeon niany rrc.nt sttdiua on the effsct of dfnfcCtmntS on

V. chnIh!r_-!. Ilie data in Table - 5 art, liri-ited and do not adcqlt~ac!y V~zr ia i

effects of diZ;nfec.t..it~s on V. *'2.Referiing to Tailo A 2,it atmpý-; that

V. hr',rý d iers not I;-orvive well in fi;eJ"ý weitrr; t!hercfore, tnrdi,,as timro hans r r: ent

cont trini at icn V. 0ýofir mi my rvot lim a inaJor roncvrn. Tho bactaria. tjurViVnj "0~ i
brackish waters, b~ut thfcýeo esurces ara L lci !,!'y to be utilized for drAinkinq. Povwt r

briac~dLh viatnr rmay prc!eeýnt a flhrcvit It Vc-1:iog cccuzi and it mintius vrith f r ý 1) ema

snurrcs!. Al!.o, if V. rI n~i'C ra. prnsent in a community, thtý ohnr At

of chale~ra contal-initi-on of publ-Iic water :euence5 remnaims.

MON1TORTIG 'JT,~:*T01-,G

In vzonrnn cizon~a, V', c~ ~ais founod mostly In a.net".e ere

CflvirincmfsO IPt lir -.nt ,nvirfw-n ;-o.nts (ý,U 74t) vnd in r-.!Iutcd waters of oei

cl~oera ~ Ti con traien eic.ue~for V. clpl-rii tre siinll or to t~

do'~r~edfor $ e oin "',c. 9121A. 1. of !"iof. JZ9.
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Table A,-3. Dose respcrnse for Vibro cnho!rae

Biotype or ,erotype
of Vibrio c&o!rae Attack ratea Dose Ref.

01 800-100 106 2
01 Classical Inaba 260 103_104 28

01 Classical Inaba 0.0 104 28

01 Classical inaba 0.0 206 28
01 Classical Inaba 830 (10/12) 106 5

01 Classical Inaba 0.0 107 28
01 Classical lnaba 500 (2/4) 108 28

01 Classical Inaba 500 (1/2) 109 28

01 Classical Inaba 0.0 1010 28

01 Classical Inaba 500 (1/2) 1011 28
01 Classical Opwa 670 (4/6) 105 5

01 Cl-,Sical Ogawa 960 (22/23) 106 5

El Tor Inaba 600 (6/10) 105 5

El Tor Inaba 1000 (10/10) 106 5
El Tor Ogawa 600 (3/5) 105  5

El Tor 111 (31/274) >104 25

Classical 890 (24/27) 106 37

El Tor GO (32/37) 106 37

a Attack rate (per l0CO); ( ) - numb r of individua's with chohler per total te:stcd.

Table A3 -4. Latrncy of Viý,nrlhror~.

Dore Latency (h) Ref.

10-10 <_24 28
103-104 48 28
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Table A3-5. EI:Cts Of C- ZI--* v r> '

Dose Ccatact t11m3
Disinfectant (ppm) (h) Percent kill Ref.

Hypcrhiocrite C-a-100.0 10
Clblorainiine-T 1 6-16 0 b 1-7 0.0 38

Klvn0 4  - -C 24

a Free chlorine.

b Litcrat're is not clear an wh-lther this is frze chlorine or a concentriAtln of
chlo~ramiie-T.

C Addition of l04hO 4to contc-minntcxl walls br.-uLiht an end to an outbreak~.

Enrichment for V. chsois &crŽJin Sen. 912G.2. of Ref. 39. For e~xnnpI, in
order to inhibit the growth of coinrctitlve, antargonstic orgaanism-. an 012ainzlbi (pH1 9.0)

peptone water medliurn is sug,3-estcd.3 To achieve selective growth for primary isolation,
thkxi-lfate-citratc-bile-salt-sucresce (TI02LS) eair is the mediumn of choice. V. c~
appear as yellow colcnies on this mecoiun'm. Since there are other interfering Qnm

that pro-:eo yelloNw colon-ics, biocheraical tvsts arc necessary to pcsitivwl icýtify

V. chn!ern~i. These tests Pro outlhined ia Soc. 912 G.4. of Ref. 39.
Serological identification Le pC:;ible writh the slide agglutination tech Piqti using3

appropriatke V. cl'Tlpriq intisera, which csin be produced in the laboratory or cqi-rcd
Cormmorcially. 39 In order to distinmuish b~eten Classcal, El Tor, zn-d NAG viibrio
blotypcz, tecehniques arc eniod for that are usally carried out in iazc

labora torics. 39

INDICATOIR-PAThI30CME EAlzCl

Ilia Iitoratvr~i showsj that stadadiA~citor coliforms are probably not goc-c
IndicatcrsL for V. c"he~rn--' (see Tahlol A -)1,32 In ti'a case of' contrnninatcd
frrvshwater sources, V. "V--ewill vrurvivn lezas thwi coliforrns; thaerforýc, in. this
lrnstraeCe, stan&'.rd lndlicatomrn.may bauefl 10,27 However, in tho e-stu;Brine Ora 11ii n)r
onvircrnmm-ts, the fictors that L~.eV.. chearcr survival are intigcrlatIc to
colifom, 1.n.15 Coliform prevmce in this 11 11a1ýoa'ozl~ay reflects recent contaniniatkinn.
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Table A3-6. Indicator-patho -n relatiwaship for Vibrie cholrae.

Vibrio

choleraea TCb Environment Location Ref.

(+) 2400 Chesapeake Bay U.S. 16

(+) 100-2000 Che.sapeaIke Bay U.S. 16

(+) 0.5 Chesapeake Bay U.S. 16
103-4/100 mL 106-8/100 mL Sewage influont Israel 10

0-2/100 ML 104-7/100 mL Sewage effluent Israel 10

(+) (-) Chesapeak3 Bay U.S. 15
and Gulf states

(+) 102-4/100 mL Well water Nigeria 27

a Number or presence (+) of V. chclerae.

b Total coiforms or their absence (-),

CONCENTRATION IN T111E ENVIRONMENT

Only recently, cot, com for V. chnra.rne in the environrnent has stimulated studies of
environmental concentration. 1 0'1 1'1 5' 0 Vibrio choleraa has now appeared worldwide in

the environment, but detexnmining the actual numerical concentrations of this organism has

been a problem due to the limitation of isolation and encration techniques. Table A3-7

reflects the lack of quantitative information in the literature.
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Table A3 -7. Envircnrmental cczcantiat•m of V1hi, clolerae.

Vibrio choleraoa Environment Location Ref.

(+) samples Marine Gulf states 40

(+) samples Marine California coast 11

24% (+) samples Marine Portugal 41

45% (+) samples Fresh Portugal 41

75% () samples River Bangladesh 31

63% (+) samples Canals- Bangladesh 31

21% (+) samples Ditches Bangladesh 31

33% (+) samples Tubewell Bangladesh 31

10-104/100 mL Sewage Jerusalem 10

160-2600/100 mL Sewage Bangladesh 10]sampls Estuary Chesapeake Bay 15

10 cftu/mLb Rice-water stools -, 38

5-100 cfu/mLb River Bangladesh 25

15% (+) samples Well India 26

9% (4) samples Tubewell India 26

9% () samples Tap water India 26

3% 0/ samples Pond India 26

a Expressed as number or as percent of samples found with V. cholerae; () indricates
presence.

b cfu/mL = colony-forming urPits per mL.
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SECTION 4. Pathogenic Echrichia coli

ETIOLOGY AND CLINICAL DISEASE

Escherichia coli is a facultative anaerobic, ncrspore-forming, Gram-negative rod
and a member of the Fnterobacteriaccae.' EIscherichZia coil is a common gut organisnm in

man and mammals; however, some strains have been found to be pathogenic to man. The

"severity and type of pathogenicity is strain-related, and at present three basic Eicherichbi

enteropathies are recogi-zed: (I) enteropathogonic E. coli (EPEC), (2) enterotomidfenic

E. coli (ETEC), and (3) enteroinvasive E. coll (EIZC). 1 '2 There are now six different

mechanisms of pathogenicity recognized in E. coli diarrhea: Presence of Shiga-toxin, 3

enteroadherence (EPEC),4 invasive E. co.i,5 cholera-todn like (LT),6 Sta-cyclic GMP

toxin,7 and Stb (new anion secretion) toxin.8

Invasive strains cause disease primarily localized in the colon, manifested by fever

and mucoid and occasionally blccdy diarrhea (somewhat lile S a spp.). ETEC strains

behave more like V. cholerae in producing profuse watery diarrhea without blcod or

mucus, abdominal cramping, vomiting, acidosis, prostration, and dehydration. Fever may

or may not be present.2 Both EIEC and ETEC are usually associated with sporadic disease
and occasionally are the cause of common source outbrea-ks. 2 EPEC strains belong to the

"classical" EPEC serotypes that have been as.eciated with outbreaks of acute diarrheal

disease in nurseries for the newborn.2 Symptoms for ETEC may last for 1 to 3 d, whereas

EPEC and EIEC symptomology may last for up to 20 d. 9 '1 0

Specific diaognosis requires isolation of msupect E. coli from infected stools and

demonstration of pathogenic activity by animal or cell-culture bipoassay, or by

immunological methods for certain of the associated enterotoxins. As stated above, there

are some common E. coli serotypes associated with enteropathogeric strains; however, it

should be pointed out that not all E. coli of these serotypes are pathogenic (i.e., this is not

an'ab.olute test for pafhog-raJcity). 2 The most important treatment for E. conli diarrhea is

with electrolyte fluid therapy (oral or IV). Antibiotics should be administered only when
specifically indicated because antibiotic resistance is found in up to 43% of environmentAn

isolates. 1

OCCURRENCE

Diarrhea caused by E. coi is found worldwide and the organism is most frequently

food- or wvaterborni,. In areas with poor sanitation, endemic diarrhea is frequently due to

E. coli. 2  Pathogenic E. coli is the most common cause of "travelers' diarrhea"
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(TD) in worldwide travelers.12 1 7  Carrier rates have been measured from 13 to

820/10CO population in various areas worldwide (see Table A 4-1). There have been

conflicting reports on the incidence of secondary infection rate. Levine et al.21 showed

that none of the uninfected volunteers housed with E. coli-infected volunteers developed

diarrhea. However, Cabelli et al.1 9 monitored swimmers with diarrhea and found a

secondary attack rate of 20/1000 within the study families.

RESERVOIR

The reservoir for E. coli is infected persons, often in asymptomatic cases. 2

MODE OF TRANSMISSION

Fecal contamination occurs via food, water, or fomites. Persons with diarrhea

excrete large numbers of organisms and constitute the greatest hazard. Contaminated

hands of uninfected personnel may transmit organisms to other persons. Poor handwashing

after patient contact, inadequate personal toilet hygiene of carriers, and poor

environmental sanitation contribute to the spread of the disease. 2

SUSCEPTIBILITY AND RESISTANCE

Infants are the most suscept.ble to EPEC strains. Immunity to enterotoxin and

surface antigens of the bacteria has been demonstrated, but its duration is not known.

Local secretory immunity is probably the most important defense mechanism. 2

ENVIRONMENTAL PERSISTENCE

Escherichia coll survival in the environment has been studied extensively because it

is a major compronent of the coliform-group indicators. Temperature, pH, and organic

load are all factors influencing E. coli survival in fresh water. Studies conducted in

Canada27 showed that E. coli survival is prolonged in river water from urban centers due
to higher organic loads than those from runoff or in water of pristine quality. Higher

temperatures not only contribute to prolonged survival in surface waters, but also to

increased bacterial growth rates.27,28 Under these conditions, in fresh and estuarine
waters, 10% of the initial E. coli populations remaired after 5 d. 2 8 Or the other hand,

Hendric 29 has shown that in sterile stream water with very low nutrient concentrations
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Tab I A 4-1. CC -'-iit C Cw ot' Coi I ~o i.

Location Sburce ARa Clb SARC mid Ref.

Worldwid3e TDf 360-720 150 12

Me~rcos TDf 700 820 13

Third Worldh TDf 390 18

U.S.h TDf 250 17

Thailand' TDf 260 260 16

U.S. Recreation water 42 20 19

U.S. Recreation water 30 19

U.S. Well water 380-825 20

U.S. Person- to-per-,on 0 21

U.S. DPJ 250 3.0 11

BangladeTh DPi 560 22

Mexico DPj 300 246 23

Kenya TDf 630 14

Sweden TDf 120 15

Thailand DPj 70 115 24

Thmiland DPj - 16 24

England DPO 18 13 25

Brazil DPj 170 25

Panama . Communities 220 26

a Attack rate (per 10C0).p• b Carrier rate (per 1000).

C/
c Secondary attack rate, (Lper 1OCO).
d Mixed infection rate (par 10C0).

eU.S. tourists worldwAid..

f Travelers' diarrhea.
9 U.S. tourists in Me-,dco.

h U.S. tourists in Third World Countries.

i U.S. tnurists in Th.land.

Diarrhea patients.
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(<5 pg/mL glucose), E. ceol could survive, provided that the temperatures were 5-100 C. In
30 30tap water, survival of E. coli is pHI--dependent. Sjoqren and Gibson have demonstrated

that under dilute conditions at pH 7.2, E. coli survival was <24 h, but at pH 5.5, survival

was >48 h.

In seawater, E. coli experiences, for the most part, a rapid decline and elimination.
Hanes and Fragala3 clearly showed that as salinity increased in situ, the die-off of E. coil

became more rapid. These data are presented in Table A -2.
Early studies3 on E. cell survival in seawater described the normal microbial

population of marin~e bacteria as antagoni'stic in situ. A 90% die-off for 1.5 d was seen
with an overall de.--off rate of 103 to 106 for 6 d when E. coli was grown in the prcscnce

of the indigenous bacteriological poaulation. Death rates were greater with elevated

temperatures, but survival increased with increa..ed organic loading. Moreover, Enzinger
33and Cooper have shownl that the impact of protozoan bacterial predators can be

significant in estuarine water.

DOSE RESPONSE

Table A4-3 represents the dose-response data for E. coli fed to human volunteers.
The effect of buffering the stomach acid barrier on effective do:;e should be noted.

Utilizing the same strain of E. coli with the same dose, the attack rate wars six times as
high in those with les.s stomach acid. Not only is the carrier rate less, but the duration of
symptomology was half that of the unbuffered stomachs (up to 20 d for unbuffered, 7-10 d

for buffered).9 The organism is listed by strain typje; for further details on the strain type,
location of isolation, etc., refer to Ref. 9.

LATENCY

The available data for latency of pathogenic E. coli are pr..ented in Table A-4.

The ranges for latency have been reported to be from a few hours to almost 2 d. Also
included in Table A4-4 is the reported duration of diarrhea in paticnts infected with
patho.enic E. coli.

DIS!NFECTANTS

There have been several in-depth studies on the effects of disinfectants on E. ccli.
The data available on the disinfection efficiency of chloramiine and hypochlorite are

extcn•ive, and inclu!ion of all of the results is outside the scope of this repo)rt. towver,
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Table A4 -2. Efl~ect of ralimitly cn re"

R educ t ic Tinn 6
Water type (%)1ý ({l)

Seawater 99.99 3

67% Seawater 99.95 5

33%,l Seawater 99.008

BOD2 dilution water 90.008

aEOD - bicch!2iical oxy-cn ri~ d

review of the daita int Icatzxs that free chlorine lfcvciL; of 5-10 ppm will achievo §)½

removal of F. cnli. 3 ~' The elffcct of disinfectants, on E. coli is dc etUpon

temperaiture vyd pr-1. Generally, 2- values of 6.5 to 7.0 and teno parturns of 20 to 2,V0

are cornsidored to be optirnal conditionx, for ,LI,ý`nfcction by free ch~crnnc.
39 t

The study on the effncts of c~hlorine dioxide by Borg v t L1. reflects the efIY'ct of
antecedant grawth conditiorns of F. coli on dý;infccticn. Most studies on dki Jefctiori

utilize stork cultirras gr,.own under Ialborator-1 conclitorz.,; therefo-re, 1 1c,,,, data tn-y not

refP.ct the rcsponsa of the bactnria fownd ir. the envilronment. Berg 21 t, J-n rWov'a ftun at

oornVms that were, maintaincd vrnder conditilons mnore clozely rrm-3etnumnatrl

aqutatic enviroenneacts were morc rceIstant than t~hrua grmwn under commionly ro;'

batch-c 'Iture con 'itkioe. In t ± o tudy it w;ýs fowu:d that 13%m of the eirLo c hlori-mv~

cor,,7umcd by the dnfti of bacteria.

MONITOIRING ?AEM 1003

The inolation tU usfor E. rt.i P~ro the -:in as tlhosa for tho enmrtOnf

cotiformas (SThc. gor0'A of Ref. 40)1. Sricfly, there netlhces emnpioy the merrrbrF:r,,1filtor

tee iquewith M-FC broth 1.5 thes 'greoWthl rediuni. C7 eacris of frcal col-ifori-s p2m:l
r. crli) wil 1"P:ar blue weith t~his mcelimne, III ord.er to confinn theo presc-ct- of 7. crili,

b~chrio1tar:ts,' ruch as tha inVNC tesýt, mint be) plorlonn d on each isolate. Thoref n1-3

no;hrncltosts. per so, availQ'l'311 to df-teIrmnne padTgc'nicity. Pcowe'-vr, th:%e Fti-

commrcilly v~irl:h rslo~oltest~s (ie. lde aej tination)2 ' that (,I canh a!t

idetif P.~iI .'Jr co'mnr;tly aseeard-ith P'~thoge;ýnic strailn!.
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Table A4-3. Dose r•spCrze, for pathoSnic sc!-mric-Ia co.j.

Strain tqpe Dose ARa CRb Ref.

B2C (ETEC) 108 400(2/5)' 1000 9

B2C (ETEC) 1010 600(3/5) 1000 9

B7A (ETEC) 108 200(1/5) 800 9

B7A (ETEC) 1010 800(4/5) 1000 9

46C8 (ElEC) 104 0(0/5) 800 9

4608 (E•IUC) 106 0(0/5) 0 9
4608 (EIEC) 108 625(5/3) 1000 9

1624 (EMlC) 104 0(0/5) 0 9

1624 (FEC) 106 111(1/9) 555 9
1624 (EIEC) 106 6 66(2/ 3)d 333 9

1624 (EIEC) 108 600(3/5) 1000 9
H10407 (ETEC) 2.7 x 108 560(9/16) 34
055 (ETEC) 1.4 x 108 750(6/3) 10
055 (ETEC) 1.7 x 109 625(5/8) 10
055 (ETEC) 5.0 x 109 750(6/8) 10
055 (ETEC) 1.8 x 1010 873(7/8) 10

0111 (ETEC) 7.0 x 106  636(7/11) 35

0111 (ETEC) 5.3 x 108 666(8/12) 35

0111 (ETEC) 6.5 x 109 1000(11/11) 35
0111 (ETEC) 9.0 x log 1000(12/12) 35

a Attack rate (per ICOU).

b Carrier rate (per 1000).

c IndividuaL, with diarrhca/total numnber of pemors tested.

d Stomach buffcrfad with N3oHCO 3 .

INDICATOR-PATHCGE.N TREIAT:C:I-IP

Ona) recently ha, it bc-n po--sible to identify many of the patlhgonic strains of
.E. crI. Unfortimately, there ha. not been much work on deter-nin; the ratio of

patLI?-i <E . c•Ji to nompathogenic E. coli or coliforms. Table A 4-5 ceantnins some
irinfwaai2; &o:,ut tho indicator-pathogen relatireship to E. coli. Some Guthoma have
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Table A4-4. Latency and Ourat!cn of pc"he-,znca c.H- .

Latency Duration
Strain type Dose (d) (d) Ref.

B2C (ETEC) 106 - 2-3 9

B2C (ETEC) 1010 0.33-1.83 -- 9

B7A (ETEC) 108 -- 2-3 9

B7A (ETEC) 1010 0.33-1.83 -- 9

4608 ( MEC) 104 0.33-1.00 <20 9
1624 (EIZC) 104 0.33-1.CO <20 9

1624 (EIEC) 10a 0.33-1.CO - 9

H10407 (ETEC) 2.7 x 108 0.75 - 34

055 (ETEC) 1.4 x 108 0.40-2.50 1 10

H055 (ETEC) 1.7 x 109 0.10-0.62 1 10
H0S5 (ETEC) 5.0 x 109 0.2 -0.62 1 10

E1055 (ETEC) 1.0 x 1010 0.20-0.63 1 10

0111 (ETEC) 7.0 x 106 0.50-1.50 - 35

0111 (ETEC) 5.3 x 108 <1.00 -- 35

0111 (ETEC) 6.5 x 109 0.50 - 35

0111 (ETEC) 9.0 x 109 0.42 -- 35

reported that <1% of th. total coliforms arn pathu-:nic E. coil, 2 8 and that pcssibly as high

as 3-4% of totd colitortms may be pathogcnic E. coll. 42 Lavoie 43 has uazted that fecal
coliform indicators may la mora valid in trmpical climates, compared with total colifOrms,

duo to the abundance of nonfecal coliforms foumd in such environments.

CONCENTRAT;ON M I T.2 ENVIRONMENT

Most enumeration studi.s coun-it total coiforms or fecal coliformsr and usuwidly do not

iso!ate , ,cificaily for E. coli, althojugh tho FC trst is directed toward tha kolhntim1 of

E. c__i. The actuil rcrcenta:;e of pathog,'nic E. coli in an environmental population is not
known, but as stated, pr-•vv.Iy (see indicator-pathleren section), one 1,:thor has ,ir.ated
that <1% of th3 TC Is pathog•;nic to man. 28 Becauas the pathagenic traits arI!

..sn.ciatend, mid 1..... i rn,--ntcnanc, of pte:-rnids are affected by envix-ennmi•tei
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Table A4 -5. Indicator-patlnocn rclationship for EScherichia coli.

E. colia TCb FCc FSd Environment Location Ref.

10-900/100 inL 1CO-8000/100 mL River U.S. 44

92% N+) Well West Africa 43

89% W+ Well West Africa 43

1-7% (+) Reservoir Israel 41

a E. coli concantraticn .- rr•sd by either number or percent of samples positive.

b Total coliforins (TC) prc2rnt ().

c Fecal coliforms (FC) pr-nt (+).

d Fecal Str.ntncocci (FS) concentration.

condition.s, it is very difficult to estimate this portion of the bact-rial population at any

given time. The concentration of E. coli in the environment, as revealed by this literature

search, is presented in Table A4 -6.

Clarke et al.4 5 rankcd coliform org-.nsms based on predominance in fresh, mixed,

and well water in Canada and found the following:

Fresh water - E. coli> Enterobacter cloacae > A. hydrompl• > K. I(nj,-_oniae

Mixed water sources - C. freundii > E. coli

Well water - E. closcae > E. coli
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Table A4 -6. Concentr:ation of F h•ri&hiia czti in t2ie cnvirorwment.

E. colia Source Location Ref.

104_106 Storm sewers Canada 27

1-103 No. Sakatchewan River Canada 27

2 x 10 9 /capita/d Human feces 34

33-43% Raw water Canada 45

10-20% Drjnking water Canada 45

10 4 /mL Estuary U.S. 46

10/mL Marine U.S. 46

>100/100 mL Marine South Africa 47

55% Well West Africa 43

70-390/100 niL Rain runoff U.S. 48

a E. coli concentration ex:pracd by cither rnmber or percent of sample's positive.
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ETIOLOGY AND CLINICAL DISEASE

The genut, Salmonefla consists of Gram-negative, facultatively anaerobic,

rod-shaped, motile bacteria that are usually pathogenic to man and other animals. There

are appro•imately 2CCO lmoxwn serotypes (5arovarsj) of Si1.nnella, some of which are host-

adapted, or found in specific reservoirs or gsographic locations. 1 Infection resulting from

ingestion of Sznc!mangh usually m nif asts itsalf as enteric fever, gastroenteritis, anrdor

septicemia. 1'2  The two major dL-ease syndromcs associated with Salmonella are

salmonellosis (-astroenteritis) and typhoid fever (enteric fever). The major vehicle of

salmonellosis is focd; however, there are many dccurnented waterborne outbreaas with this
symptomology. Saljmonel•a twhi, the etiologic a-ent of typhoid fever, is primarily

waterborne. Because the focus of this report is on waterborne pathogens, the following

discussion will center on S. typhi and those Slmrnonella spp. (i.e., S. tyhItimurim,

S. p B) that have been implicated in waterborne outbreaks.

Typhoid fever is characterized by sustalned fever, headache, malaise, anorexia, a

relative bradycardia, enlargement of the spleen, rcse spots on the trunk, nonproductive
cough, constipation more commonly than diarrhea, and involvement of the lymphoid

tissue. 2 Ulceration in the ileum can result, producing intestinal hemorrhage or perforation

in untreated cases. The fatality rate can reach 10% if symptoms go untreated; however,

treatment with antibiotics will lower the fatality rate to 1%. The drug of choice is

chloramphenicol; however, due to widespread use of antibiotics, drug-resistant S. t!rYFh!

may occur, and other antibiotics may be needed (i.e., ampicillin, cotrinoxazole, etc.).2

Milder forms of this disease may occur in populations native to endemic areas. The

carrier state for S. tFhi may iast for up to 1 y, with some individuals becoming permanent

carriers. 2 '3  The gall bladder is the focus of infection in long-term carriers, and

cholecystectomy may eradicate the carrier state. 2

Clinical symptom.s of salmonellosis include acute abdominal pain, diarrhea, nausea,

sometimes vomiting, fever, and dehydration. Anore,'ia and looseness of bowels may

persist for several days.2 Septicemia may de-velop with or without fecal infection, which
may on occasion lead to the localization in any body tissue, producing abscesses and

causing arthritis, chclacystitis, endocarditis, meningitis, pericaiditis, pneumonia,

pyoderma, or pyelonephritis.2 Death is not commaon except in the very young, the very

old, or the debilitatcd. 2 Fecal excretion of Salnmom ila usually persists for saveral days or

weeks following acute gr.stroenteritis. Salrmonila n pai.nthi B may persist for 1-20 y.3
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Antibiotic treatmeant is symptomatic and can lead to prolonged excretion of Salmontula

and/or the devclcpment of antibiotic-resistant strains. 4 Treatment of sa.rcnc]_!sis is

supportive th3rapry, i.e., rehydration and electrolyte replacement. 2

OCCURRENCE

Waterborne outbrnaks of Salmcnolla occur world'rid3, and are assciated primarily

with fresh water. Although the literature is replete with rp;orts on the occurrence of

Salmonella ty•i and salmonellosis, few of thase reports contain information correlating

occurrence with attack rates. Table A5-1 is divided into two parts. In the first part,

attack rates for Snlrrcnlla spp. aze presented in relation to gco2-ahic location and water

source or type of occurrence. In the second part of Table A. -1, carrier rate, secondary

attack rate, and mixed infection rate for SaL'-nonel]a spp. are presented in relation to

geographic location.

RESERVOIR

The reservoir for typhoid fever is human (currently ill or chronic carriers). There

are many zoonotic reservoirs for sanicnellcsis, including such domestic and wild animals

as poultry, swine, cattle, rodents, do7s, cats, turtles, and tortoises. Man is a reservoir in

the carrier state; human chronic Salmonella carriers are rare.2

MODE OF TRANSMISSION

Typhoid is tran=itted via water or feed contaminated by feces or urine of a patient
or carrier. Shellfizh, frnits, vegetables, and milk conta-minated by sewage or from hands

of carriers are also modes of transranissio.- TrarnsiL-ion of salmoncllos.s is most

commonly fecal-oral (i.e., person-to-pearon), via food and, les- frequently, by wateA2

SUSCEPTIBILITY AND RZESSTANCE

In the case of tyTphoid fever, man is the only host, and si.sceptibihty in the population

is general; however, s-vsceptibillty is increascd in individuals vwth gastric achlorhy-ria.
Immune resistance to typhoid fever follows recovery from clinical disease, from

ine.pp•r•rnt infection, or active Lmm'.,nization. Tnis resistance may not be adcquate to

overcome the challenge of large doses of S. tVrhi, and repeated infections do occur. In

endermic areas, attack rates LIuafly decline with age.2 Human sursceptibility to
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Table A5 -1. Occurrmncs ofi -l:•:',i :Pp.

"Salmeonella spp. Location ARa Source/occurrenco Ref.

S. i India 630 TDb _ English tourists 5

Mediterranean 130 TD - English tourists 5

Mideast 51 TD - English tourists 5

West Africa 65 TD - English tourists 5

Far East 21 TD - English tourists 5

U.S. 126-627 WeUl water 6

Transatlantic 7-70 CruiL.e ship 7

Mexico 490- Soda pop 8

U.S. 400 Drinking water 9
U.S.-1976 0 .0 2 c Nationwide 10
U.S.-1SSl-70 3 6 0 d Nationwide DP 11

U.S.-1974 3 5 d Naticnwide DP 12

U.S. 83 Drinking water 13

_S. iyphimurium U.S. 100 Drinking water 14

S. 12 yp B England 540 Stream water 15

S. arechevalata Trinidad 760 Rainwater runoff 16

S. spp. Nigeria 9-73 Well water 17

England 4 3 e DP 18

U.S. 167 Drinking water 19

Thailand 30 TD - U.S. tourists 20

Worldvfide 100-150 TD 12

England 192e DP 21

U.S. 35 Waterbrome outbreak 22

U.S.-1973 63 Nationwide 23

En-, Iand 850 Drinidng water 24
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Table A5 -1. (Continued)

SalmoneLla spp. Location CRf SARg MIh Ref.

S. D England 290 18

S. spp. England 0.0 170 18

S. spp. England 40 850' 170 5

a Attack rate per 1CO population.

b Travelcm diarrhea.

C U.S. naticnMide attack rate per 100 total population.

d U.S. nationwide attack rate per ICO0 total population with diarrhea: d~irrhea patients
(DP).

e Attack rate per 1000 cases of diarrhea.

Carrier rate per 1000.

g Secondary attack rate per I000.
Mixed infection rate per ICCO.

Secondary attack rate found in 85% of outbreaks.

salmonallosis is not limited to any population group and is usually increased by

achlorhydria, antacid therapy, gintroinstinal siurgcry, necplastic disease,

immunosuppressive therapy, or other debilitating conditions. Severity of the disease is

related to the sorotype, the number of ordanicsms im'vstcd. and host factors.'

LVIRONIF. £NTAL PERSISTENCE

Persstence of S almonclla in the envimnmcnt is dependent up-n species and
environmental conditions. S•imoncll- follow tha same general survival pattern as most

enterics in fresh water. The charrcter`stic pattern vwas dc,• cribd by 3eard and later by

Andre et M.2 a-s (1) ropid decrease of or-anifImn, in Ih first 2 to 3 d. (2) a leveling or laa
p.riod of 1 d; (3) regrowh for 2 to 3 d; end '4) death, .... lastin" more than 10 d. The

death phb,=a may or may not result in ,mere•la-fre water. S ,ni, a may permist for
se-veral (I to 6) n,,oks anr.d bo asioriated with svdiments long aftcr they have disimpoarcd

from the water column. 1 7 ' Salmonella have lcen isolated from envir-ncmnts with

wide rangts of pH (1,H 5-8).8'17,29 Die-off occurs. within two wecks at pH 4.5 and just

two days at pH 3.5.8 Sea,--nahity and tempieraturn chang.s affect Sln.efln survival,

with a more rapid din-off durin• the summer wonti.s than in the winter.17,19,29-31 At
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20°C, 99% die-off occurs in 10 d, ccmpar-.d with C55% die-off at 10°C after 14 d.31 Frenh

water has been the main source of waterbcxna outbrca!zs, although Sam.rcnelha havo becn

isolated from estuaries with .-ae&nities approacI.ing 17 p.arts per thousand. 1 7 ' 3 2 In gJnar a,

as salinities increase the presence of S•Iynrn,-fa dcralses. 1 7 ' 3 2 - 3 4 The organic load of

the water is critical for bacterial survival; uic.or-'•.n..f- can withstand chan~es in pH,

salinity, and temperature more readily if thoy are provided with good nutritional

supplements.35 Review of the literature show,, that S-Jlrqonrlla display better survival in

water contaminatcd with sewage than in tmuolluted water;, for example, a die-off of

1 x 105 SalmenelUa orzanierns in 10 wk with fccil pollution, compared with a die-off of

1 x 106 Samrnor.,] organi_-s in 2 wk without ff.cal' pollution. 9 ' 2 8 ' 3 6

DOSE RE.PONSE

The attack rate of Szronella in either typhoid fever or salmonellosis is deperdent

on the dose of the organiL-m. Tables A5 -2 and A5 '-3 suommarize dos,-r ponse data for

Salmonella tvhi and 1mown agents of salmoneLlocis. A major portion of the data is based

on human feeding studies, while the remainder is based on estimates from disease

outbreaks.

LATENCY

A summary of latency data bascd on doe is shown in Tables A5 -4 and A. -5. Review

of the typhoid fever latency data indicates a eso-depcridcnt relationship With a latecy of

3 to 22 d. Rovievw of tho latency data for salmonm,]lsis indicatcs a lat-ncy period ran.ging

from 6 h to 3 d, with less noticeable dose-dei-Lncloycy.

DISINFECTANTS

The ava"lable inforrmaticn on the effects of diAinf cctants on Salmonella ty..H has. not

been presented in standard format. Some authors report percent kill with fixed

concentration of disinfectant with rr.ý;pect to time; othp-s report perrent kill at various

concentrationms wit',jn a fi'xred time frame. The "lay paramcters in all the studies have býen

dose, pH, tenmptersture, and contact tima. A -.2mrnary of the data is presented in

Table A5-6. Generally, an increase in tcmperature to 20 to 250 C at a pi. of 6.5 to 7.0

increases the effe.ctivenv..... of chlorin3 disinfr:3tants,
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Table A5-2. Dose res.ponse for Salrnonella tvphi.

Dose Response Number of
(organisms/mL) (per 1000) subjects Ref.

103 0.1 14 6

103 10.0 1,300 37

103 45.0 11,800 37

103 40.0 10,675 37

103 75.0 4,293 37

103 90.0 378 37

103 100.0 1.6 x 10 6 14

105 275.0 116 6

105 270.0 104 6

105 350.0 110 22

107 500.0 32 6

107 530.0 30 6

107 330.0 6 6

107 500.0 30 6

108 890.0 9 6

109 950.0 42 6

109 950.0 6 36

109 1000.0 4 6

Table A5 -3. Dose response for SalmonePa spp.

Dose Response Number of
(ors'nism-•/mL) (per 10C0) subjects Ref.

17 120 16,000 14,37

2 x 109  1000 2 37

1010 1000 1 37

148



Dose Latcncy (d) Ref.

<0315-22 37

1037-14 2.

10 5 9 22,37

10 8 7-8 37

10 9 3-9 36,37

Table A5 -5. Latcncy for ssbmnicne~c.is.

Qrganki1 Dose Latency (d) Rof.

S. 13mh,~ r 0. 14

S. Lynnmt~jurnT 10 0.04-4.0 38
sPIMrnerje]a fPP. 10 2_ 103 0.25-3.0 2

MONITORING N41= -hODS

There are no "standardized" ma;~th~cts for tha recovery of SIc,1:- ferom the

environment. Instiad, thern i- a scrici of u ~ta that may bo ad&ptrd to fit a

particular sot of circimns1tnccs.S. 4 4 AJr-o, come mitnod~cs are directed towardi the recovery

of Se~nr.i~ and n~ot enumneration.

Since thoor ni:mms are3 not uz-oeJly p:ý;ýnt in large numbers in tho envircriment,

the first stop rnuit ba a conctnitration IThr .Tiro are four inetheti rec-Ci-nMfz !dc in

Sec. 912A of Raf. 44: (1) Wo~re swab tcLquo, (2) cdiatcmaccous earth, (3) iarg-volum,,
samplcr, and (4) membracne-filter tochn~iqe. -ili type, of method chosen is dopeuniont on

the environymental conditions.

Since thcese organis-ms have bee,!n in the environment, they have e-.dstr. under

relativrely 'Low nutrient coniticns. Thus, the-y r-qudra time to rcpair ard i-niltiply in order

for the-ir presen~ce to be det-ct,:d. Morcover, or-=-==n taken direcctIly f.-CM the,

enviruicmnt and place,,d on sytitc mdia can omfr from *nutrient 5±,ock" &nd dio-off.
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Table A5-6. Effact of dLinfnctants on Sa3rnone1]a.a

Dis'nfectant Dose Response Time
.ype(mE/L) (%kl)(h)

Nw OG16 99.00

NaOCI 2 90.00 -

NaCCI 0.85 (W)

NaOCI 1.4-2.0 100.00 0.008
NaCOi 0.4-0.96 (W)

NaOC1 0.23 99.9 2.6
NaOCI 0.25 99.99999
CaOCl 5.00 90.00 0.33
CaOCI 5.00 98.00 0.75
CaOCl 5.00 99.00 1.00
CaOCI 5.00 99.00 2.00
CaOCI 5.00 99.90 4.00
CaOC1 5.C0 99.99 18.0
Chloramine 0.23 99.9 2.5
Chloranine 1.2 100.00 0.33

a Compiled from data presented in Refs. 7, 25, 30, and 39 to 43.

Therefore, it is necessary to select for enrichment of these organisms and to inhibit other
competing organints that may interfere with the growth of Sndmanella. The use of
dulcitol selenite broth or tetrathionate broth has been traditicnally employed for these
enrichment piva;ýs.44

To recover SsaLmrnnella from the enriichment step and elirninato other species of
bacteria, selective growth media can be employed. 44 There are thre standard selective
media usced: (1) brilliant green agar, (2) xylcse lysine desoxycholate agar, and (3) bismuth
sulfate agir. These media inhibit different groups of orpani-rns competitive with
Salmonelli; therefore, it Ls best to u•se at least two medium types to ensure SArmonella

recovery.
To identify .he iLolated Sitmonell• organL-ms, a series of biochm"ical tcsts can be

carried out as described in See. 912A of Ref. 44, or with the use of commercially
available, rapid, biachemical identification methods. A more rapid technique for

SalrnnealL identification in water u-es an immunofluoresce.ncT, technique. 44  This
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technique rquin:. a flizarescnco ncc:cc-o and Sah.onesla-secific fluorescent
antibody stains. IIZ3,3 MicrCor-anL:'-rs in the water samples must be concentrated by
several methods izaing filtration, foll-ov~d by incubation in one of the previously mentioned
enrichment broths. 44

Quantitative Salmcneola procedurcs are ref arrad to in Sec. 912C of Ref. 44. Briefly,
known volumes of the water sample are concentrated on membrane filters; every filter
representing a given volu=e is placod in an enrichment broth and incubated. This
enriclument is than tested for the presence of C-0.nonerla by using the routine biochemical
and irnunologfcfic tests dascribed above. The results of thzse procedurs can be reported
as the most probable number (MPN) p-r given volume of water. Two teclnimques are
described in Ref. 44, ene for most ealrnqn-ciha spp. and the other specifically for S. t .

INDICATOR PATHOGEN

There his been much controversy as to the reliability of indicators and their
relationship to the prasence of pathogens. The purpose of enteric indicators is to act as a
signal of possible contamination. Ideally, an enteric indicator should be present when
there has been fecal contamination and pathogans are also present. Even if there are no
pathogens, the indicator warns of possible fecal prcsence and the a.sociated possibility of
the presence of enteric-disease agents. In Table A.-7, the relationship of indicator to
bacterial pathogen (in this case, cohforms to Salmonella) is illustrated. Unfortunately, the
data are generally presented in ratios, and only rarely are the actual Salmonella numbers
presrnted. This is due in part to the laci- of accurate quantitative technique for this
organism at the time these studies wer- carried out. Therefore, Salmonella is pres.3ented
as either a ratio, a number, or percent of samples that were positive for Salmonrlla, or
simply, the presence of Sailmonella in that particular environment. These general
conclusions can be d&awn from the literature: (1) Coliformns do not always signify the
prosence of S moalla and are not always present when Sainionella are 34 '4 6'47;
(2) common coliform indicators do not coincide with Salmonella presence in tropical
zones3 5',42; (3) at higher temperahtres, coliforms tend to die off much more rapidly than

SaJmonella 3l' 5 4; and (4) coliforrms appear to be better indicators in more temperate zones

(see Table A5 -7).
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Table A5 -7. Indicator-patho-en rolaticr-zhip for Salmone la spp.

Salmonpiai TCa FCb FSc Environment Location Ref.

Ratio 1: 14,000 Mud U.S. 27

Ratio 1: ISO River water U.S. 27

Ratio 1: 32,950 2,737 8,702 River water U.S. 45

Ratio 1: 11,580 300 191 River water U.S. 45

0 4/100 mLd 0 0 Treated water France 48

0 7/1CO mL 0 0 Treated wator France 46

0 95/100 mL 0 0 Treated water France 46

0 910/100 mL 0 0 Treated water France 45

0 6/100 mL 0 0 Treated water France 43

0 77/100 mL 240 0 Untreated water France 46

0 2/100 mL 0 0 2 Untreated water France 46

# 18/100 mL 72 0 6 Untreated water France 46

# 16/100 mL 0 0 0 Untreated water France 46

# 2/100 mL 2 0 0 Untreated water France 46

0 18/100 mL 0 0 0 Untreated water France 46

Ratio 1: 9 Sedimente U.S. 17

Ratio 1: 13 Sedimentf U.S. 17

18 %g 1-200 Estuaries U.S. 32

3 0 %g 201-2000 Estuaries U.S. 32

56%9 2001-20,000 Estuaries U.S. 32

6 2 %g >20,000 Estuaries U.S. 32

(÷) samples 230 Irrigation water U.S. 47

(-) samples 34 Estuaries U.S. 47

Ratio 1: 255,000 Estuaries U.S. 47

Ratio 1: 4800 Estuaries U.S. 47

(+) samplas >10,000 Estuaries N. Europe 48

(s+) smpIs <10 Estuaries N. Europe 48

0 1/100 mL >1100/100 mL 1100/100 mL Estuaries Chesape&ake 34

Bay, U.S.

# 0/100 mL >1100/100 mL 15/100 mL Estuaries Chesapeake 34

Bay, U.S.

10% 79/1r30 mL to Well water Nigeria 17

>2400/100 mL
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S~alisha TCa FCb FSc Environment Location Re f.

(+) sm-npIs 30/100 mL River water U.S. 31
0 iscolatIons Sewage effluhnt England 49

48 72 to 2500 x 103

9 55 to 2300 x 103

60 395 to 6300 x 103

(+W samples 106 Well and river EnghPd i5

% (+) samlpl2s Seawater Engiand 50

13% 0/100 mL to

1000/100 mL

29% 10C0/100 mL to

10,000/100 mL

40% > 10,000

o isolates Sewage outfall U.S. 51

1 13 x 10 10 2 x 10

2 24x106  5x 106 3 x108

3 24x106  8x106 7x106

1 lx107 11x106 4x106

1 11 x 106  5 x 106  3 x 106

6 9x 104  1 x 104 104

(W) samples <100/100 ML So. Africa 42

$ 4500 4.5 x 105 Urban storm-H2 0 U.S. 52

(+) sa•mps 2.2/100 mL to Cruise ship England 53

>1609/100 mL Storage tank

a Total coliforais,

b Fecal coliforms.

c Fecal streptccoccu•.
d - nurmbcr of orsanLmns.

e Estuarine sediment.

Ratio of Salmfnnnla in sediment to FC in the water column.

g Percentago of samples iPcsitive for S):-Imnne!tA vs numbers of FC.

153



Volume 5

CONCENTRATION IN THE EFVIRONMENT

Table A5-8 sunmarizes the data obtained by this search for the concentration of

Salmonella in the environment. From this table it is clear that the nunber of Samozv:ia

present in the environment is not very predictable. For example, Sinegre cr,, al.46

conducted a survey of treated and untreated waters in France. They t'ound that

Salmonella was present in hig'her concentrations in the treated v,,', th=n in the

untreated water. There was no explanation given for this rcsult. Also, the number of

Salmonella in storm runoff water is extremely variable, raný-ig from <3.0/100 mL to

4500/100 mL.3 1 '40 This may reflect the variable presence of reservoirs of Salmonella.

154



Tal.-I A3-0. ~Q>~" -1' ccg.c-¢,ntr,-n bn C

per 10O rnL Envixcnurcnt Ref.

<100 Sewage stab-fiiation pond 55

4.6 Storm water 40

<3.0 Storm water 40

4500 Storm, water 31

3-6.2 MuniciTral wvstzwater (U.S.) 40

43 Nfirsdý3.ippi Rivor water 40

1 Estuary-U.S. 34

4 Treated water 46

7 Treated water 46

95 Treated water 46

910 Treated water 46

6 Treated water 46

77 Untreated water 46

2 Untreated water 46

18 Untreated water 46

16 Untreated water 48

2 Untreated water 46

18 Untreated water 46

150 H2 0 sedimnents 56

1100 Effluent Aa 21

43 Effluent Ba 21

23 Below effluvnt Ab 21

3 Below effluent Db 21

0.9 MPNc Irrigation viater 47

a Sewage cff�.cnt in a river.
b 0.5 kmn b•low the sewage effluent.

c MPN -, mcst prbable ntumber.
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SECTION 6. Yersinia

ETIOLOGY AND CLINICAL DISEASE

Yersinia spp. are facu'ltative anaerobic Gram-negative rods- that are included in the

family Enterobacteriaceae. I The pathogens of this far.dily include Y. pestis, Y.

Pseudotuberculosis, and Y. enterocolitica. Yersinia e, terncolitica (more than 30

servtypes) and Y. psý,do tub arculo~sis (6 serotypes) are resyonsible for yersiniosis as an

acute enteric dis-ease manifested by diarrhea. 2Yersinics-Ls is characterized by not only

diarrhea, but enterocolitis, acute mezenteric lymphadenitis (mimicking appendicitis,

especially in older children), low-grade fever, hea dache, pharyngitis, anorexia, vomiting,

erythema nodosum (in adults, particularly women), arthritis, cutaneous ulceration,

abscesses, and septicemia. Yersinia enterocolitica infections commonly result in

gastroenteritis and have been implicated more with waterborne outbreaks than

Y. Rs~ldo tuberculosis, which causes severe abdominal pain and has a higher case-fatality

rate.2
Yersinia enterocolitica and Y. psoudotubercullosis are capable of penetrating the

epithelial linings of the intestinal mucosa prior to entering their target reticuloendothelial

tissue in the lamina propria and lymph foll-icles. 3 This tissue invasiveness is directly linked

to the presence of a temperature-dependent plasmid. Thq or3ganism loses its tissue

invasiveness with growth at 35'C. It has been proposed that at cooler temperatures

(<35*C) Y. 'enterocolitica sheds or "uncoata;" its surface antigins, which permits adnherence

and tissue invasiveness. 3 The-se antigens then give way to a phagocytotic protective

antigen (VWA). Therefore, it appears that pathogenicity is based on the temperature of

antecedent growth conditions, also known as tho "hot-cold" virulence cycle. 3

Y. ente-roolitica also produces a heat-stable toxin (like E. coaljJ, but it is not elaborated at

temperatures >35*C or under wanarobic conditions. 3

One f th secndar effects of yersiniosis is arthritis. This can be quite svere end

debilitating and may last for u,, to P' to 3 y. Individuals, with HLA (human leukocyte

antigen) B27 aru at hi,;h risk for ';crsiniosis arthritis. 4 ,5 in two studies it was found that

25 to 671,, of these individualr .ith Y. entiroc~olitira. 5pstroentenitis developed arthritis of
varying seeiy8,7 iM .:Suy 6 atrisn sro niiti!; patients was predomninantly

found in men older than 15 y. Circulating IgA and I-G antibodips to Y. enternrolitica may,

sest for 6 to 8 mo and can be unfed as a diagros;tic rnveaure of arthritis due to yersiniosis.

ISM lasts only 2 to 3 mo, and can be us!d, to dicserccnt infection. 7
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OCCURRENCE

Yersi~niosis occur; worldv-ifal as Sa-strc--antaritis and masenteric l~T~aeits 2

Northern zones Of th3 Vicstern Haminbrhors (Canada, Filad Norway) seem to be qmite

sensitive to outbre;Aks of y~aroinic.-As. Most of the data come from the.se countiies. 7 10

Table A 6 -1 contains cccurzrance and other rolated data for Yemr'Inia spp. that have bee-n
reported for the U.S., flelý,Umxrn, Canada, and ThaiLand. This- sensitivity may woll reflect

special intorest and qi-cociatod ewcpertiz of~ tlheýe countries in ivorking with Ymf-Iii . As
the issolation tochniqucs have impioved in recent years, Y. entprocoliticahas been

recovered from diarnhea paticnt's at equal or greater frequency than has SýInniemIla and

Shh'ella in Europe anid North Axnezica. 4

RESERVOIR

The principal rasarrvoirs for Y. ene~c1tic a ;end Y. r'11dotuberculasis are anim "I,.
Y. psetidotuberculAosigi is wideaý!prcad amnong avian and mamnmalian hosts; Y. enterrcolitica
has- been recovered frorn healtlay as well ass dizeased animals. Organisms have been
isolated fro-m bckli'cs of water that mot potakble standard bacteriological, criteria. 2

MODE OF TRAN'SMISSION

Usually fecal-oral trons-mi-sion talkos place by contact with infected person's or

animals, or by eatinj and dirdcin7, feczily cmitaxninatod food or water. 2 Milk hns aJý:

been implicatcd in two uutbr:!a's.-""1&,13

SUSCEPTIBILITY AINND AREMUTANCE'

Susceptibility to thils di'esse, is univcr-,al in th3 hu.man population, but the d-saeso is
more common and severe in chidred~n and the Pv'ad. Y. rs uotuhbŽrmiurSiS eXhibits A

predilection for adole~scents, whila Y. ent,, co!tr' , attacks all grours of both so-es, but
more commonly chfldran and 2d~zcns

ENTROIN4INTTAL PE2RS1TMZNCE

Until r--ccntly t~lirc. ha.: bocnr Littl!,-lihs on the atrvival of Yrnr~i~ urdler
environm~ental coraiitions. lf13O1 Yor:-nitic w;7s Lsolated from an mnchlannatet
well rourro is to 40 d fol1owinr L.n outbrel& 21) DePaola et ai.1 studied the effe-cts of ran
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Table A6-1. Occurrence of Yer.iýmia spp.

Location ARa Source or occurrence CRb SARc Ref.

U.S. 410 Water 11

U.S. 83 Milk 12

U.S. 810 Milk 13

U.S. - Water 111 111 14

Belgium 11 DPd 15

Canada 28 DPd 475 16
Thailand 30 TDe 30 17

a Attack rate per 1000 population.
b Carrier rate per 1000 population.
c Secondary attack rate per 1000 population.
d Diarrhea patients (YXrsinia-positive patients/10CO diarrhea patients).
e Incidence among '•,ravelers' diarrhea patients per 1000.

estuarine environment on Yerminia enterocolitica and coliform survival. They reported
that Y. enterocolitica survived for 4 to 8 d, while fecal coliform (FC) persisted longer. As

salinity (8-30 parts/1000), temperature (12-30°C), and sunlight increased, survival for
Y. enterocolitica decreased. Elais-Maldonado and Haen19 showed that, when introduced
into a tropical river watershsd, Yersinia enterocclitica dLsplayed a rapid decrease within

the first 24 h. From the little data available, it seems that Ye.minia do not survive well in
the envirom-nent. A survey by Harvey et al.21 of the Mammoth Lales area of California
revealed that 34 lakes containcd Yersinia. Because many of thine 1k were not

frequently visited by man, they probably were contaminated by animals. Further research

is needed in order to dcscribe accurately the survival of Y. enterccolitica and
Y. pnsudotuberculc,-s in the enviroment.

DOSE RESPONSE

The only dose-rssporkse data available for yers.osis are from a self-feed volunteer

study by Szita et al.,22 presented in Table A -2. Unfortumately, the vehicle of dose

delivery was not spacified. Th volun•teer was not given antibiotics, and tho symptoms

persisted for 4 wk.
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LATENCY

The dos3 given in th., Szita study2  Ls quifte hiz)!i, and the volunteer developOd

snImptoms within 1 d (T.--ble A,-2). ThIds study is c.trcinely limited. The rangpe of latency

of yerminio.sis iss thcught to be 3 to 7 d

DISINFECTANTS

Only one paper was found that dleolt %with, L:a dC.2Jinrection of Yerz-:nia, 23 Chlorine

dlioxde was the d finctant ck cand it wzao fou'nd that 0.25 nigIL C10 2 was sufficient
to inactivate 100%1; of tha added cultuire. T"ho imajr factor affecting Ye-niaa vmrvival was
antecedent grcwth cond-itic-ns. Yziaw:zs found to be more resistant when taken from a

low-nutrient environment ralther thz'n an ern :arnnent withi more of an organic load.

MONITORING ME-*rhOD3

Yer-Onia recovery is not zdL-_sencd directly in StnadMethoes' ; however, since it

is a member of therae ~ceica faraily, it can ba isolated using the samne methods

(Sec. 912A) as those used for other ren-obaers of this faminly LE. coi. Salmnonella, SNIC -a,

etc.). Yerj--ia can he izolated with the folloviing mcdia: MacConkey agar, DCL agarn,

Salrnione`!I-Shigz-ila agar, or SS-D a-zar, to namea a few. 1 Differentiation of Yersinia spp.

from other members, of the Entac.ctcriacaae ma-y be accomplished by biochemical or

serological tests, as dzescr-ib-d in anly rnicn~hislogica1I ref=renc sourCe such as jjjr.yj7

Mrnr'al of SItnernatic B to l'jor Mn:lof C~Isifl.-r-Mk~icoblol. 25

INDICATOR-PA-ri-G10= REILATIONSIHIP

Generally, t~he pmreeenr. of Y i has not been assciated with indi-cators. 8

Studies in Norway hava shownl U13p"~eo of Yceninira in water that was acceptable by

bactezioloogIcal stanrdazd',. Hloo~v,'r, bscalurs Yýa-inui;Ta can be tr=nn.=ttad via feces, the

prazsenco of colifo=,s ci:n at I?,~" stb a wamr-ing of pr!ýd-la Yzir-Ania contamination. As
notodbefor, Do eolt al1. 8  AF E oa-3?a!0c~nndo and 1-7azen 1 have s~hown that Yereinia

survive lc!.7 well than total colifhrros (TC) ard foc-al coliforres (FC) in a tropical

erriroamennt. Thcraofroý, in Lh3e cr- of Yerai'riai in tropic al wiat r., TC and FC may b~e

gcod indicators.
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Table A6 -2. Dose resronse and latency for Yersinia enterocolitica.

Dose Attack rate Latency Ref.
(per 1000) (d)

3.5 x 109  1000(1/1) <1 22

Table A -3 reflects the lack of data in this area and the need to d3scribe better the

assciation of indicators and Yeminia.

CONCENTRATION IN THE ENVIRONMENT

As with most diarrhea outbreaks, the etiologic agent is usually isolated from feces

from those infected, and then environmental isolation is attempted. However, due to the

long incubation perAod of Yersinia, sources are not identified until well after a population

has been exposed. Based on the survival data, this time period may be long enough to

allow complete die-.off of Yersinia ozganisms unless there is a continuous source of

contamination. This literature search did not recover any information concerning actual

numbers from the environment (Table A6 -. ). Estimates of environmental concentration

could be calculated from infections. Bottone has estimated 106 Yersinia organi-sms/mL

can be excreted from cases with urinary tract infections.26
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Table AB-3. Indicator-pat;mogcn ifor •erýinia -pp.

Yerskinia Total coifonrz Source Ref.

(M)a 1 - >16/100 mL Well water 11

(+) (+) Well water 20

a Organism present.

Table A6 -4. Concentration of Yerzinia in the environment.

Location Source Concentration Ref.

Norway Unchiorinated water 20% of samplesa 8

U.S. Lake water 30% of samples 21

U.S. Abscesses/urinary infections 106/mL 26

a 15% of these met Norwvzcian bactcrko.o04c J. st=-'avs.
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SECTION 1. Enitc-oviT--,.s

ETIIOLOG*-Y AND CLINICAL DISZA-SE

Enteroviriase-s from tha farnIily Ficcreaviridae cncwn-me :aosiovixn~z, cO.wac'-C!da virus

groups A and B3, and chviru-ses. Threso entanvirusias sIhou!d not be ccnP.:scd wi4th those

tenrmed entaric vrws(daccribLig any1 virus dL:uominatcd by theo f,-Ical routo) t  '1111

entaroviruscs cauee a %widCo variety of dzesc.-e syMptorrLs, 1-3 as deCribed;- in Tabe -1.

Poaioviruses are tha best st-ulizd of vany of th.- cntarrvi.-ruecs; coitsackie A 'iii ses are
the least studid. 1 Potioviru5 can cause the most soriov3 of the enterovirus synptomns and

polio is the major permanecntly crippling liseaza of infictious origin ascribed within this
7 {..ý

//group of agents. Mortality among the paralytic carcs of ralio inlfection rarv-aS flom 2 to
10%andinceae,- ma~kelywit a,8.Although most infcctions caused by enterovi.rizes

have no lastin3 effect, some of the "newv enteroviruzcs" (mnost recently dizcovered) can

also caume permanent paralysiss. 3 Group B coxrac~da virmces a.1so hava the Potential for

causing serious, even fat~al disease. T"he mean period of infectivity for person~s infected

with enterovir.Lses is 50 d.1

OCCURRENCEL

The entaroviruses have worldwide distribution, and infections by them ars common.

Ther ar loal ariaion invirs tp-s and virulence of strains.7 It should be stressed

that infection does not squal disease; it is epidemniolojic-ally estinmatcd that 1 out of 100
poliovirus infectiors and 1 out of 1000 co~xackie or echovi-riis infcctilors result in clinical

illnezz.'

Poliomyelitis is ch-aracteristically a d.Lzausc of childron wrd adoaleScents. As stated
previously, the severity of disease in a ncninirune host is directly related to the a.-e of

I
the host; the risk!, of sericim disease~ is lower at an e-rlier a37%-. Thoroe oes not appear to
bea any dif f ere nc e in in f cct iocn o r s --v eri ty o f dis eas n btvi en the, eso~s or different racars.

It is Senerally thought that tho other entcroviruzes are3 simillar to piorvin th-em

characteristics.

In temrnerato climate!s there Is an inicre2ase in p.eliavirus infections in late sumirvrrr

and early autumn. Tropical and subtropical ar3ee7s show lesfluzctuattion, but the trend is

the s=3e. Simrilar ccasonal variations also occur among- t1.,c othcr enteoivin,15-:s. 7

Table B i-2 ggives attaclk rates for various cntearovirs outbenCý.
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Table B1-1. The cntcovixtss.

Virus No. seroty-prs Disease symptorAs

Polio 3 Paralysis, eaeptic mcnlngitis, fever, nonparalytic polio

Echovirus 4 Aseptic mcninjitis, respiratory disease, rash,
diarrhea, fever

Coýxvaclda virus A 5 Her~ean.ina, r A iratory diseese, aseptic m.ningitis,fever

ComacL-de virus B 6 Myocarlitis, conrmeital heart anom-diez, rash, favor,
aseptic mnnin--itis, r3°piratory diseaoe, pleurodynia

New enteroviruzes 7 Aseptic man-ngitis, encephalitis, rspiratory disease,
acute hemorrha3ic conjunctivitis, fever, paralysis

RESERVOIR

The reservoir of entarovirus.s is the inf:,ctcd human. Asymptomatic infectiorn

iwbbly play an i-nportant role, and children under the age of two are the most potent
diseminators. Some entercifirusies have been isolated from pets and other animals

associated with humans, but it is not certain that they were naturally infected. Nonhuman

remservoirs have not been shown to be sitrzftan 7

MODE OF TRANSM ISSION

Enteroviruses are frequently transmitted by the fecal-oral route1 and may also be

passed by the cral-oral routa via ntas and pharinjeal secretion.17 Strong enrdence e.dsts
that perscn-to-pr~omn traunsmissicn is the primary route of contagion. 18. T•sro is little

epidsmiological fr-.Oence available ccncerning the waterborne disease potential of the
enteroviruseo. E18,19 =.iological methods are not srnsitive enough to detez.t low-level

,n n20. E 2
waterhorne trarn.sscnl.cm A re7ported wateriorne polio outbreak in Husksrvflie, NE,

involved contaminated tap water.1 0 Two outbreaas, one of echovirus 18 and one 3f
coxsaeide Bn, may have btacn at least partly from waterborne viruses.1 1 Oyster ar

knovm to hat-ber enterovi •cs. In rare instances, food has been implicated in polio

tran•zm•dcn.
8

172

<, "L2



Vch a

~ (U _~ I19

- - ~ 94C9

134

cac

to ta . () .

EJ~~ .9 Q 7

N *

C4,

_I C;2-

4)l u u r

QML .. I-~ i

2 c~ tv "O '6- "a Q-<I
ca-

r ) fl ýj m co 3 , y

;7A Z4 94 4 -1 ;-1 - - -



Volume 5

SUSCEPTIBILITY AND RESISTANCE

Susceptibility to infection with poliovirus and the other enteroviruses is general. 8

Small children are the most susceptible age group to polio infection, because most adults

have acquired resistance through earlier infection or vaccination. 7 There is long-standing

type-specific resistance to polio after infection, whether clinical disease is present or

not. Second attacks are rare and result from a different virus type.8 Vaccine for polio is

widely available; there are no vaccines for any of the other enteroviruses. Infection by

these also confer type-specific resistance. 7

LNVIRONMENTAL PERSISTENCE

Enteroviruses are capable of surviving for extended periods under certain

environmental conditions. Tables B1-3, B 1-4, and B 1-5 summarize some data on survival

of enteroviruses under various conditions. The survivability of viruses in the environment

depends on the virus type, the flow rate of the water in question, climatic conditions

(especially temperature), degree and type of pollution, and whether the viruses are free or

associated with solids. Low temperatures and high levels of pollution are most favorable

to virus survival. 2 1  Entamoviruses are more labile in summer than in winter in

free-flowing ocean water. They cease to be viable within 7 d at 37"C in seawater, and are

more labile in natural waters than in artificially prepared marine and estuarine waters. 2

There is some antiviral activity in natural waters.26.27 Viruses can survive for more than

175 d in soil particles with a moist environment at neutral pH, and at low temperature.1 8

Enteroviruses have been known to survive several weeks in pit latrines 1 8 and up to

130 d in sewage.22 The time required to reduce numbers of enteroviruses by 99.9% in the

environment ranges from 2 to 160 d. They can last up to 14 to 16 d in the sea.5

DOSE-RESPONSE RELATIONSHIP

Available dose-response information is given in Table B 1-6. In addition to the data

included in this table, Westwood and Sattar29 reported the minimal infective dose for

polio 1 as two plaque-forming units (PFU), for polio 3 as 10 times the tissue-culture

infective dose5 o (TCIDs0 ), for Coxsackie A21 as 18 times the TCID5 0, and for Coxmackie

B4 as 1.3 times the mouse median lethal dose (LD 5 0 ).
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Table B1-3. Survival of enteroviruses in river water (Tanana River, AK), 0°C. 2 5

Distance from Mean flow Mean number of
Sampling station source (!an) time (d) entermviruzes/330 L

Sewage-treatment plant -- - 235

T700, Tanana Riier 0 0 8.33

T600, Tanana River 77 1.9 5.67

T400, Tanana River 179 4.2 1.8

T100, Tanana Rier 317 7.1 1.25

Table B1 -4. Survival of enteroviruses in ocean water (in days). 2

Virus Winter Summer Estuarine water, winter

Polio 1 26 65 51

Coxsackde 135 48 80 >>100

Echovirus 6 30 70 >100

Table B1-5. Effect5 of salinity and incubation temperature on virus survival (in weekl). 2

Virus 4°C 15*C 25"C
(ppt NaCI) 10 20 34 10 20 34 10 20 34

Polio I (Mahoney) 40 40 46 46 20 20 6 4 6

Echo 6 (D'Arnori) 40 46 40 22 24 24 8 6 4

Co•s.ackie 135 (Faulluer) >53 >53 >53 >53 46 40 10 8 8

There is some ccntrovt!zny about whnther one virm, particle can establi.h infroction or

not, but the consprvative estirmate is that one tis:su-culture infectious dose can caius

humen infection.
2 2 ' 2 9
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Table B1-6. Infective dc3as of enteroviruses.

Carrier
Virus Dose rate % Coerments

Polio 1 200 PFUa 4/4 100 Koprowskd, 1955, as reported in Ref. 28

Polio 1 20 PFU 4/4 100 Koprowskd, 1955 (adults, oral route).28

Polio 1 2 PFU 2/3 67 Described in Ref. 28

Polio 1 0.2 PFU 0/2 0 Described in Ref. 28

Polio 3 10 TCID50 b 2/3 67 Premature infants, 28 oral route

Polio 3 2.5 TCID5 0 3/9 33 Premature infants, 28 oral route
Polio 3 1 TCID50 3/10 30 Premature infants,28 oral route

a PFU - plaque-forming unit.

b TCID 0so tissue-culturb infective dose 50.

LATENCY

The incubation period for the minor illnesses caused by entervirunes, including

minor polio infections, is about 2 to 3 d. When the nervous system is involved (including

paralytic polio), the average latency is 7 to 17 d, with a range of 3 to 35 d.7' 8

DISINFECTION

Virus disinfection data are summarized in Tables B -7 through B -10. Chlorination

efficiency depends on pH, temperature, presence of orgamic matter, and the physical state
of the virus.22 Polio, coasackie, and echo irumses are more resistant to free-availablr

chlorine than enteric bacteria. In general, free-available chlorine is more effective flthn
hypolodous acid; chlorine dioxdde is at least equivalent to free-available chlorine (FAC)

(and less affected by pH), and ozone Is more effective than FAC by weight. For

inactivation of poliovirus, HOCI is 10 times as effective as OCV-.44 There is increasing
evidence that naturally occurring viruses are not as susceptible to chlorination as

experimental strairs.30 Although current watcr-treatment practices do not always
remove all viruscs,i they do provide reasonable az.suranca of safe drinking water. 3 0

It can be seen from Tables B 1-7 and B,-a that different studies may find widely
differing inactivation times fer the same vim.s uTde,,r the same stated conditions. Many of
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Table B1-7. Disinfection of enterovirusa•.

Temp Disinfectant Reidiction
Virus pH (°C) Timea type (mg/L) % Comments/raf.

Polio 10 - 15 Iodine 0.8 85 30

Polio 6 - 2 C10 2  1.0 90 30Polio 5.2 - 5 C02  22 100 0.5% organic matter/31
Polio 5.2 - 15 Cl2  19 100 0.5% organic matter/31

0 C29
Polio 5.2 - 35 C12  19 100 0.5% organic matter/31

Polio 5.2 - 40 Cl 2  17 100 0.5% organic matter/31

Polio 5.2 - 60 Cl 2  14 100 0.5% organic matter/31

Polio 1 - - 30 Cl 2  33-43 99.99 Wastewater/32

Polio 1 - - 30 Cl 2  11-16 99.99 Treatment plant efflucnt/32

Polio I - - 30 CL2 20 99.99 Storm overflow, 10%/32

Polio 1 - - 30 cl 2  35 99.99 Storm overflow, 20oX,%/32

Polio 6 28 s HOCI 0.4 99 Unbuffered water/33

Polio 6 16 s HOCI 0.8 99 Unbuffered water/23
Polio 10 107 s HOCI 0.4 99 Unbuffered water/33

Polio 10 - 42 s HOCI 0.8 99 Unbuffered water/33

Polio 6 - 46 s HOCI 0.4 99 Reclaimed water/33

Polio 6 - 22 s HOCI 0.8 99 Reclaimed water/33

Polio 10 - 168 s HOCI 0.4 99 Reclaimed water/33

Polio 10 - 168 s HOCI 0.8 99 Reclaimed water/33

Polio 5.0 - 5 C10 2  1.3-1.6 90 34

Polio 7.2 - 5 Cl0 2  1.3-1.6 99 34

Polio 8.7 - 5 CGO 2  1.3-1.6 99.99 34

Most virms 8.5 <20 30 FAC 0.2-0.3 Will destroy most vinjs.-f35

Polio 6 - 78 Chloramir,--T 10 99b 4

Polio 6 - 34 CbGorunino-T 299 4

Pol;o 6 - 14 Chloramine-T 40 9 9 b 4

Polio 7 - 11 C hor-4nina-T 60 99 4

Polio 7 - 261 Cloriinwn-T 10 99b 4

Polio 7 - 81 Chloramini-T 40 99b 4

Pol.o 7 - 60 Chloramine-T 60 994

Polio 6 5 78 Chlozarninn-T 10 99b 4

Polio 6 10 34 Ch!orcrnine-T 10 9 9b 4
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Table B1-7. (Continued)

Temp Disinfectant Reduction
Virus pH (°C) Timea type (mg/L) % Comments/ref.

Polio 6 10 34 Chloramine-T 10 9 9b 4

Polio 6 25 13 Chloramine-T 10 9 9b 4

Polio 6 35 6 Chloramine-T 10 9 9b 4

Polio 6 5 3.5 HOCI 0.5 9 9b 4

Polio 3 10 2.15 HOCI 0.5 9 9b 4

Polio 2 7.65 19-25 10 Cl2  1.0-1.5 100 Lake water/35Polio 1 6 0 3.5 C2 0.39 99.6 Demand-free water/35
Polio 1 6 0 3.5 C12 0.39 99.6 Demand-free water/35

Polio 1 6 0 1.5 Cl2  0.80 99.6 Demand-free water/35
Polio 1 7o08 Cl2
Poio 1 85 0 1 Cl 0.23 99.6 Demand-free water/35Polio 1 7 0 4.5 Cl2  0.95 99.6 Demand-free water/35

Polio 1 8.5 0 16 C2 0.53 99.6 Demand-free water/352 ,

Polio 1 8.5 0 7.5 Cl2  0.93 99.6 Demand-free water/35

Polio 1 8.5 0 3.5 C 2  5.50 99.6 Demand-free water/35

Polio 1 7 25-28 3 Cl 0.21-0.3 99.6 Demand-free water/362

Polio 1 9 25-28 3 Cl2  0.21-0.3 99.6 Demand-free water/36

Polio 3 6 27 15 Cl2  30 99.999 Autoclaved/37
Polio 3 7 27 27 C12  30 99.999 Wastewater/37

Polio 3 10 27 30 Cl2  30 99.999 Wastewateri37

Polio 1 6 5 2.1 FAC 0.47-0.49 99 38

Polio 2 6 5 1.2 FAC 0.48-0.51 99 38

Polio 1 7.8 5 1.3 FAC 0.46-0.51 99 38

Polio 1 10 5 21 FAC 0.50-0.52 99 38

Polio 2 10 5 64 FAC 0.48-0.50 99 38
Col. A2 7 3-6 10 FAC 0.58-0.02 99.6 Demand-free water/35

Cox. A 7 3-5 4 FAC 1.9-2.2 99.8 Demand-free water/33
Cox. A 7 3-6 2.5 FAC 3.8-4.2 99.6 Demand-free water/35

Cox. A 9 3-6 24 FAC 1.9-2 99.6 Demand-free water/35

Cox. A 9 3-6 9 FAC 3.7-4.3 99.6 Demand-free water/35

Cox. A 9 3-6 5 FAC 7.4-8.3 99.6 Demand-free water/35

178



Volume 5

Table B1-7. (Continued)

Temp Disinfectant Reduction
Virus pH (°C) Timea type (mg/L) % Comments/ref.

Cox. A2 7 27-29 4 FAG 0.16-182 99.6 Demand-free water/35

Cox. A2 7 27-29 3 FAC 0.44-0.58 99.6 Demand-free water/35

Cox. A2 9 27-29 10 FAC 0.10-0.18 99.6 Demand-free water/35

Cox. A2 9 27-29 7 FAC 0.27-0.32 99.6 Demand-free water/35

Cox. A2 9 27-29 3 FAC 0.92-1.0 99.6 Demand-free water/35

Cox. BS 7 25-28 1 FAG 0.21-0.3 99.9 36

Cox. B5 9 25-28 8 FAC 0.21-0.3 99.9 36

Cox. B5 7 1-5 16 FAC 0.21-0.3 99.9 36

Cox. D5 8 1-5 30 FAC 0.21-0.3 99.9 36

Cox. A9 6 5 0.3 FAC 0.46-0.49 99 38

Cox. A9 10 5 1.5 FAC 0.48-0.5 99 38

Cox. B5 6 5 3.4 FAC 0.51 99 38

Cox. B5 7.81 5 4.5 FAG 0.49 99 38

Cox. B5 10 5 66 FAC 0.50 99 38

Echol1 6 5 0.5 FAG 0.48 99 .38

Echo 1 7.8 5 1.2 FAC 0.48 99 38

Echo 1 10 5 96 FAC 0.49 99 38

Echo5 6 5 1.3 FAC 0.38-0.49 99 38

Echo 5 7.8 5 1.8 FAG 0.5 99 38
Echo 5 10 5 27 FAC 0.5 99 38

a Time in minutes unklzs otherwise noted.

b The limit of measurement in this study was 99% removal.

the studies reported here were performed in the 1950's and 1960's. Subsequently, much

has been learned about the importance of conditions, such as buffer type, temperature,

water type, etc., that may affect rs•-ults. Some of these conditions were not reported in

the earlier studies, and the studics have not been repeated to obtain rrore accurate

information on disinfection of enteroviruses.

Some of the data on Polio 1 virus from Table B -8 are compared to Coxsackie B5 in

Table B1-9.
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Table B -8. Hours to 99.7% inactivation, Polio 1, 25*C. 39

C12 (Ppm)

pH 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

6 6 3 2 3 2 >1.5 1.5 1 >0.5

7 >7 3 3 3 1.5 1.5 1 1 1 0.5 >0.5

8 12 7 4 4 4 >2 >2 2 1.5 1 1

9 8 >6 6 4 4 >2 2 2 1.5 1.5 1

Table B1-9. Hours to 99.7% inactivation by I ppm combined residual C1-, 25*C.

pH Polio 1 Coxsackie B5

6 3 2

7 3 3

8 >6 4

9 6-8 5

10 6-8 5

MONITORING METHODS

The routine examination of waters for enteric viruses is currently not recommended

by Standard Methods for the Exarninaticn of Water and Wastewater.4 5 There may be

circmistances where monitoring for viruses is desired, such as in disease outbreaks,
wastewater reclamation, and research. Testing requires specially trained water virologists

and proper facilitie,.

Standard Methods 4 5 describes the virus-concentration techniques as tentative. They

all are still under active research and are subject to modification. Yields are variable.

Methods most commonly used are:

1. Concentration by adsorption and by elution from rnicroporous filters, where the

sample is pressure-filtered through cellulose nitrate or fiberglass-asbestos-epoxy
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Table B1-10. R,.duction of enterovirum by water- and s .waga-treatment processes.

Treatment % Removal Comment Ref.

Primary Decrzasas no. inf ctious particles, 40
not isolatinn frequency

Trickling filters 40 Decrease of plqce counts 40

Secondary with chlorination Cl residual, 0.5 ppm 40

Activated sludge 99 40

30-d activated sludge None recovered 40

Flocculation and sedimentation 99.9 Attenuated polio 41

Flocculation and sedimentation 99.9 Found in slud;e, not inactivated 42

Sand filtration 18.8-37.5 41

Activated carbon 21.4-78.5 41

Total removal by sewage plant 99.9905 Found in sludge, not inactivated 41

Stabilization ponds 89;45 Ramleh, Jerusalem; Israel 43

High-rate filtration 62 Tiberias (sand filtration) 43

Secondary with chlorination 81.5 11 ppm chlorine, 30-min contact 43
time, Haifa, Israel

Secondary with chlorination 91.5 11 ppm, 4-h contact time 43

Secondary with chlorination 99.9 0.4 mg/L as residual free chlorine 41

Chlorination 99.9 40 mg/L applied to raw sewage 22

filters to which viruses adhera through electrostatic charge. The viruses are eluted

in a small volume of alialine elution fluid. ThVe sample is usually acidified, and

polyvalent caticns are added prior to filtration.

2. Concentration by alhnimu-n hydrox•ide adsorption-precipitation: viruscs are a&dorbcd

onto preformed Al(OH) 3 p-cipitat•., and tho precipitate is col•octud and either

(1) it is used directly, or (2) the viru.ses are eluted by an alkaline buffer or a

proteinaceom solution. This mathod is limited to a relatively small sample volnme.

3. Hydroextr.ction-dialyzi3 with polyethylene glycol: sarnp-s are placed in ceiluloia

dialysis ba.•S, which are placed in contact vith hygroccopic polyethylene glycol, and

the water and micrcsolutes are dravm out. This method also is limited to small

sample volumn, es.
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Vir-ses in a concentrated sample are enuinerated in either whole animals (usually

mice) or most commonly in mammalian (primate) cell culture, often Buffalo Green Monkey

Kidney (BGMKI cells or the RD cell line. Usually two host systems should be used.

Enteroviruses can be identified by standard serological techniques. Neutralization tests

are recommended.
4 3

INDICATOR-PATHOGEN RELATIONSHIP

The majority of researchers in this field believe that at present there is no reliable

indicator organism for enteroviruses in water's. 19,21,2 3,46 5 1 It is currently accepted
that the presence of indicator organisms raises the distinct possibility of virus

contamination, but their absence does not guarantee the absence of viruses. 5 2

The search for appropriate viral indicators is an active area of study. Gerba et al.

reported in 1978 that the number of viruses detected in water is related to rainfall,

salinity, and total coliforms, but these only explain a variance of about 16%. This is not

enough to be a reliable indicator.46 La Belle et al.47 found a correlation between fecal

coliforms and presence of enterovirus in sediment but not in overlying seawater. The

authors developed the following equation for expressing this relationship:47

Y = 11.93 + 0.008 X, where Y - number of viruses in sediment, and

X - number of fecal coliforms in sediment.

Payment et al.53 found a correlation between virus isolations and water turbidity at

between 10 and 30 nephelometric turbidity units (NTU). Berg and Berman49 found that

many indicator bacteria were present in samples of raw or digested sewage sludges where

no viruses could be detected. They suggested that the smallest numbers of indicator

bacteria present in samples from which viruses were not recovered may serve as a
"guidepost number for judging sludges to be free of viruses. Fattal et al.54 suggested that

since fecal streptococci di-played a die-off rate similar to enteroviruses in seawater, they

may be a usefui indicator there. Guy and Mclver41 proposed bacteriophages as indicators
55of enteric virus removal by water-treatment practices. Roy et al. mention bovine

56parvovirus as a possible enteric virus indicator, and Scarpino suggested the phage of

Serratia marescens as a poliovirus indicator, and the use of other phages to monitor

efficiency of virus removal in water treatment. Knott et al.5' felt the use of E. coli B

bacteriophages provided a satisfactory measure of the quality of waters with respect to

viruses.
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Clarke et al.58 found a coliform-to-virus ratio of 92,000:1 in sewage and 50,000:1 in

polluted surface waters in 1969, but these ratios do not appear to be widely accepted.

CONCENTRATION IN THE ENVIRONMENT

Viruses have been isolated in a wide variety of waters and in shellfish. Their

presence is frequently reported as percent samples that contain the virus but are also

reported as plaque-forming units (PFU), tissue-culture 50% infective dose (TCIDs0), virus

infective unit (VIU), or infectiou3 particle (tP). A summary of the data found relative to

concentration in the environment is shown in Table B -11.

Ii3
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SECTION 2. Norwalk Agent

ETIOLOGY AND CLINICAL DISEASE

The Norwalk agent is a round, 27-nm virus, tentatively classified as a

parvovirus-like agent, although there is now evidence that it may be a type of

calicivirus. It is responsible for an epidemic gastroenteritis that has been referred to as
"winter vomiting disease" or acute nonbacterial gastroenteritis. The illness is

characterized by nausea, vomiting, diarrhea, and abdominal cramps. Vomiting is the
2predominant symptom among children; diarrhea is present more often in adults. NorwaL•k

viral gastroenteritis may last from 2 h to several days, but usually lasts 24 to 48 h. Only

about 15% of cases are ill longer than 48 h. Hospitalization is unusual. Norwalk infection

may occasionally hasten the death of an elderly or debilitated person,2 but otherwise is
not considered fatal.

Of the 74 outbreaks of acute nonbacterial gastroenteritis investigated by the

Centers for Disease Control in 1976-1980, 42% were attributed to the Norwalk virus. 2

The rest resembled Norwalk outbreaks and were probably caused by the 27-nm

Norwalk-like viruses. These include the Hawaii, Marin County, Snow Mountain,

Montgomery County, Ditchling, W or Wollan, and Parranatta viruses. These viruses are
morphologically similar, but can be shown to be antigenically distinct from the NorwaLk

virus. 1 Some may be serotypes of Norwalk virus.3

OCCURRENCE

Norwalk and Norwalk-like viral infections have a worldwide distribution. Outbreaks
tend to be explosive in nature and can occur year-round. They can infect persons of all

3ages. Both sexes are equally susceptible. The median duration of an outbreak is 7 d with

a range of 1 d to 3 mo. Attack rates of common-source outbreakzs in the U.S. for the

period 1976 to 1980 had a median of 60% and a range of 23 to 93%. Person-to-person

secondary attack rate-s had a median of 39% and a range of 31 to 42%. Seventy-one

percent of 861 adults tested around the world had antibody, indirating past infection.

There seems to be no striking difference between developed and less-developed countries,
except that children acquire antiL'ody earlier in the latter.4
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RESERVOIR

Man is the only lkown rcservoir. There have ban no reports of a carrier state.

The period of ccnmminicability is du-ring the acute stage and possibly for a short time

thereaftez.
3

MODE OF TRANS1,flSSION

Spread of NonraLk and Norwalk-like agnt is through the fecal-oral route.
Person-te-peron tranmsmi--Son is probably the most common. Many outbreaks have been

associated with contaminated water supplies,1 and at least two outbreaks were related to

recreational water.5 '6 Fcodborne outbreaks have cccurred, caused by contaminated, raw

or insufficiently cook.ed shellfish. 7 9 The respiratory route has been suspect because of

the high secondary-infection rate of some outbroaks; however, there is no solid evidence

to support this, su.picion.1

SUSCEPTIBILITY AND RESISTANCE

Based upon serological studies, bsizccptibility to the disease is widespread. Whether
infection confers rei.tance or not is still open to debate, because it is unclear at this time
whether or not some of the Norwalk-like virusas are actually serotypes of the Norwalk

agent. 1- 3' 10 The susceptibility data remain open to question.

Clinical immunity to Norwalk virus is complex and fails to fit immunological

concepts normally azociated with comirnin human viral Mkihz.ses. 11 There appear to be

two forms of immunuity to Norwai'l virus; long-te.m 11 ' 12 and short-term, 12' 13 neither of

which is absolute. Of 12 volunteers challenged and th.en rechallenged 27 to 42 months

later with Norwodk virs, those who became ill the first time (6 of 12) became ill the

second time as weall. 7hco,, not ill the first timo were again not ill the second time. A
third challenge of 4 of the prxnicurly ill volmteers 4 to 8 wk later resulted in 1 of the 4

becoming ill. 12

Factors other Lhan serum antibody would seem to be important in Norva-Ulk

gastroenteritis immunity. Antibody may play a role in short-term immunity but not
long-term immuity.12 The pmr nce of serum or locol jejtmal antibody to Norwalk virus
makes infection moro 1J.tiely than in a person with little or no antibody. This paradox and

the lack of demnstrat.d long-term immunity mnaizo prospects of a vaccine to prevent

Norwalk infectioni unrillly.2
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ENVIRONMENTAL PERSISTENCE

There is very little information on the environmental tenacity of the Norwalk virus.

It is known to remain viable after 3 h of exposure to a pH of 2.7. The Norwalk virus can
survive 30 min at 60°C and remains viable after 24 h in 20% ethez. 1'1 4 Viability was

determined in the above studies by feeding the organisms to volunteers and noting whether

or not disease resulted.

DOSE RESPONSE

The median infective dose for the NorwaLk virus has not been determined.15

Although several volunteer studies have been conducted, dose administered is referred to

as a dilution of infected fecal material, as compared with the application of nonfecally
contaminated controls. Dolin et a!.16 reported that 10 mL of a filtered rectal swab eluate

diluted 1:100 produced Norwalk illness in 2 of 3 volunteers taking the material orally. i a

second pass of this material, 10 mL of a 2% stool suspension from one of the 2 above
volunteers caused illness in 7 of 9 other volunteers.

It is unknown how much virus is present in feces of persons acutely ill. It is reported

that the Nor-valk and Norwalk-like viruses are present only at low concentrations in

diarrheic feces.1

LATENCY

The incubation period for the Norwalk virus and Norwalk-like viruses is usually 24 to

48 h. Volunteer studies with Norwalk agent show a range of 10 to 51 h. 3

DISINFECTION

There is no information available dealing with the disinfection of the Norwalk agent

by chlorine or other disinfectants. 17 Waterborne outbreaks to date have been associated

with failures in chlorination systems or absence of residual chlorine; many were due to

accidental contamination. 6 "13'15 '17-19 The disinfection of Norwalk axi Norwalk-like

agents by chlorination is an area where research is needed.
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MONITORING METHODS

There are no mothods for detecting Norwalk virus or Norwalk-like viruses in

environmental waters at this time.1'17

INDICATOR-PATHOGFN RELATIONSHIP

There is no reliable direct correlation betw.n virwcs and indicator organisms. It is
currently believeI that altheugh the presence of indicatcr orgarnsms may indicate virus

contamination, the absence of indicators does not tuarintee the absence of virvtces. 20

CONCENTRATION IN THE ENVIRONMENT

Because there is no way tu detect the presence of Norwalk or Norwalk-like virus in
water, there is also no infomnation on their presseice in the environment. The disease has

been called "winter vomiting disease" and in temperate climates may predominate during

the colder months. However, it can occur at any time during the year.
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SECTION 3. Rotavirus

ETIOLOGY AND CMI41CAL DISZASE

Rotaviruses are wheal-shaped, 63-rnm vinsa•s constituting a new genus (Rotavirus),

which is included with the rcioviruses in the family Rcovirudae. They are double-stranded

RNA vlriS. Rotaviru have been foind to be anr.ciated with gnstroenteritis in a wide
range of animal species a5 well as humans..I The human rotavirts, the main target of this

literature saarch and review, has two na.rotis.2

Rotavirus has been azscciatcd with up to Sl0% of hoapitalized cases of dia.'Aheal

illnWes in infants and young chldron.2 Clinical simptcms are vomiting with, or followed

by, severe diarrhea with no bleod or mucus. Fcvor is often present and dehydration is

common, espocially in yr=unger children, and may occur in about half of cases. J The
disease s;ually lasts 4 to 5 d,3 but in rare case has l•sted a month.4 Death may occur,

ususaly with dehydration and as:iociatcd electrolyte imbahluce as complicating factors.1

In a study of adults with diarrhea in Nonthaburi, Thailond, only individuals with cholera

passed more watery stools in 24 h and were more dehydrated than adults with rotavirus

infections. 5 Treatment is nonspecific and ccrsizts of supportive therapy including

rehydration. Once a patient has rucovCr.-d, thero sppar to b3 no secondary effects.

OCCURRFNCE

Rotavirus gastroenteritis occurs worldmviid both in s-poradic and epidemic outbrePaks.

It affects males ard females equally. 'rh primary targets are infants and children,

particularly in the 6- to 24-mo age group. A Conadian study found that ,z% of i•fants in

a pwrxpctive study had at least oer rotaviral infection by 2 y of age.6 Older children,

necnates, and adults can also be infected; theeo inf;ectiron5 are UsUally suinical 2 but cmn

result in severe i1L•,ci. 5 ' 7 9 In termn ¢rato zones, the incidence of rotavlnýs infnction

peaks in vintor; Ls m.ny as 30W of the lýcs7taliz;d ti,)tonteritis caý;es aged 6 to 24 meI

can be frorn this ag-nt, with few or rone in si-mncr.1 In subtropical and tropical areas
theor may be no, or at best a slight, p 1 ,3 Ro s a fo 20 to 1,_N Rtvrsacco, ts for 20 to ,40% 5,

of all aclito dzarrhea-s in d ~velaping coimtries;.1 Durxing the epidemic year 1979 in
W~a"ington, CC, 3.7/1C00 chhldzen under 1 y old alnd 2../10-0 children 1 to 2 y old were

ho-,Tpitniz•ed for mtavirus gmtroenteritis. 1 1
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Cases in adults are relatively infrequent, but have been reported. Attack rates in

Truk Islanders in a person-to-peron transmission outbreak were 12% of persons over 20
12and 62% of 1- to 5-year-olds1. Twenty-five percent of adult U.S. trarsfer students with

diarrhea in a school in Mexico City and 12% of controls shed rotavirus. In greater than

50% of the rotavirus-positive cases, other enteropathogens were also present.7 The Tiriyo

Indians in Brazil, a previously unexposed group, suffered an overall attack rate of 88% in

an epidemic in 1980. It is not necessary for adults to have contact with ill children to

contract the disease.5'1 4 ' 1 5 There are inapparent infections in all age groups. 13

RESERVOIR

The reservoir of human rotavirus is probably acute-phase humans. It has yet to be

shown that animal rotaviruses are pathogenic for man ; furthermore, there is no evidence
for species cross infection in nature.3

MODE OF TRANSMISSION

The most common route of transmission is by the fecal-oral route. The
2fecal-respiratory route is also suspected to be important. Although common-source

outbreaks from contaminated water and food do occur,13,16,17 person-to-person
transmission is by far the most frequent.

SUSCEPTIBILITY AND RESISTANCE

By the age of 2 y, most individuals have acquired antibody to both serotypes of

rotavirus. Most persons porses-ing serum antibody are protected from disease when

challenged,2 but immunity is not absolute, and little is known about protective
10Immunity. Immunity seems to be associated with intestinal antibody secreticn more

than serum IgA. 1 8 Infants may hav3 rotavirus infection more than once, usually due to

different serotypes. 10 '11 Adults are generally, but not always, asymptomatic. 3' 1 1 It is
not known why some adults are susceptible. Neonates have been shown to have an

infection rate of 30 to 50!A,19,20 which is asymptomatic about 90% of the time. This
neonatal infpcticn does not confer resistance, but decreases severity of disease during

reinfection. 19 It appears that breast feeding decrcauses the incidence and severity of
1,20 6rotavirus gastroenteritis in infants, but this is not universally accepted. There is

hope that an effective vaccine can ba produced, and active research in this area is under
way.18
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ENVIRONMENT AL PEIRSISTENCEf

Rotavirus hzs been showrn to sitrivie mor, than 14 d in estuarine and hcavily pollutod

221
independant of sa~linitics below 30 ppL 2 Rotavirz:3 is rasitant to acid co ritiona and is
inactivated after 30 min at pH 1. Not su-rprisJingly, it appears to sumrvive longer at low

temperatures. 2 3 ,2 4

DOSE-RESPONSE RELATTONSH-IP

The ntwtnber of rotiF uru.,s particles rnocswaary to initiate infection or to caUs~e diasease
is MV06.2 Volunteer feeding studies have not been performed; a rxssible reaso-,n for

this is that the tmpdict~bie re!,istance of aflults to clinical disearsemk~ thase studips of

questionable value.

LATENCY

The incubation period for rotavirus. iss approximately 48 h, 2 The reported range is 1
to 4d.41,62

DISINFECTION

The simidan rotavirus SA-Il1 has frequently bcon ussed as an animal model for hu-man

rot aviruns in disinfection studics bccausc it can be propagated in coll culture, whcr-oas the

humnan virts canxnot be easily cultured. Rcasults of disinfection end inactivation

s tudlies, 2 2 are given in Tables B3-1I and L3 -2.

Rotavirus was inactivated byj 0.05 rng/L chlorina dioxide or iodine at pH 10 and

0.5 mg/L chlorina at pH 7.0.3 Rotavirus delplaycd £C).W/ rculuction with a UTV-ftrnd~iatioxi

dosea of 24 mvV-s/cm 2 in plhcsphate-buffaraýýd saline solution. 3 1

MC~IlTOrIIG MIETI-1ODS

Tler13 ir. no stantRard rrothi-d for ex.-jmining environmecntal sampler, To datermino its

prtscnce in the resoarch labortttor-y, rotavimts i-i con~centrated by micropormus filt cr

aflnorption-elution aund det acted by indircct inirnno flvornr~ence, eleoctronr~cri roy or

enzyma-liný!r.d inV~batasay. 25Hwman rutwhriru cannot be an&;nyad roiutincly in

any conveniunt ihont gy'stayrns.3
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Table B3 -1. D fection of SA-11a otavirus by HOC12 9 (25°C, 0.05 M bufferb).

Total
Rotavirus Magnitude of Free chlorine available Combined

concentration reduction in 4.-log reduction, chlorine residual
pH (per mL) 1 min minutes required ting/L) (mg/L)

6 xl10 4 logs 1 0.42 0.64
8 3 x 105 3.6 logs 1.2 0.41 0.80

10 1 x 104 1.7 logs 2.5 0.40 0.89

a SA-11 - simian rotavirus.

b Phosphate buffe., pH 6 ani 8; borate buffer- pH 10.

Table B3-2. Inactivation of rotavirus (fluorescent focia).b

Virus titer, focia/0.5 mL

Treatment Simian rotavirus SA-11c Sewage isolate

None 107 18

Autoclave, 20 min 0 0
Boil, 20 m-n 0 0

pH 11, 30 min 0 0

Chlorine, 10 mg/L, 30 min 0 0
Formalin, 1:2000, 4 d 10 0

a Unit detected by indirect immunofluorescence techniquo; represents at least
3.8 x 10 rotavirus particles. 25

b Table adapted from Ref. 22.

cSA-11 - simian rotavirus.

SChlorine species undefined.
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INDICATOR-PATIOGEN RELATIONSHIP

There is no reliable dirzct correlation between viruzcs and indicator or.anisms. It is
currently accepted that althouh the presence of indicator organisms raises the diatinct

possibility of vizus contamination, the aL-nce of indicators does not guarantee the

absence of viruse. 3 3

CONCENTRAT1ON DI THE ENVrIRONTM-ENT

The mezsurement of rotavirus concentration in environmental samples has only

recently be.n poý.sible. Rotavirvss, i11e other virues, are subject to wide fluctuations in

sewage over .lhort ti~me perioes.25 There may aJio be sees.one fluctuations reflectin3 pe• t

infection in temperate climatet. 22 fotavir-s in sýa-g.,-e in Houston, TX, rar-cd from 0 to

3480 fluorescent foci (FF) per 20 L for raw sewage (average 1505 FF) and 150 to
7488 FF/20 L (average 1637 FF) for secondary-treattrcnt effluent. Fluorescent foci, the
units detected by the indirect immunofluorecen'e techmique, represent at least 3.8 x 105

rotavirus particles.25 It was apparent that secondary treatment did not decrease rotavirus
22levels the way it doe. enteroviruwes. Another study on sewage by the same group in

Houston found 1 to 321 FF/L (average - 9.8 FF/L) over the course of a 2-y study and a
peak in March through April of the first year and November and December of both
years.25 Rotavirus was also detected in 6 of 24 (25%) samples of domestic sewage in Kid,

34West Germany, in June and July, 1930. This paper aLa stated that 2 L of domestic
sewage could not be expected to reach a concentration of 107 virions, (i.e., infectious
particles of a virus) of rotavirus.3 4

A study of rotavirus in Galveston Day- roported 119 to 4980 particles per 100 gal
bay water. Treated drinlldrg water s•,owed 83% of finished samples from a heavily
polluted source contained rotavir•35 eard/or enterovirus. All samples taken during the rainy
season were rot avirr . 1itiv 3

In feces of acutely ill human, rotavirus is usually foered in amounts of about 1 billion
particle, pnr S. Up to 100 billion particles per g have bcen recorded.4

207



Volume 5

REFERENCES - Rotavirus

1. Barnett, B., "Viral Gastroenteritis," Med. Clin. North Am. 67, 1031-1059 (1983).

2. California Department of Health Services, Control of Communicable Diseases in

California (California State Department of Health Services, Health and Welfare

Agency, Sacramento, CA, 1983).

3. Conklin, R. H., "Rotavirus Infections," in CRC Handboook Series in Zqonoaes (CRC

Press, Boca Raton, FL, 1981), vol. III, p. 216.

4. Flewett, T. H., and G. N. Woode, "The Rotaviruses: Brief Review," Arch. Virol. 57,

1-23 (1978).

5. Echevarria, P., N. R. Blacklow, G. G. Cukor, S. Vibulandhitkit, S. Changa-wali, and

P. Boonthai, "Rotavirus as a Cause of Severe Gastroenteritis in Adults," 1. Clin.

Microbiol. 18, 663-667 (1983).

6. Gurwith, M., W. Weinmann, D. Hinde, S. Feltham, and H. Greenberg, "A Prospective

Study of Rotavirus Infection in Infants and Young Children," 1. Infect. Dis. 144,

218-224 (1981).

7. Bolivar, R., R. H. Conklin, J. J. Vollet, L. K. Pickering, H. L. DuPont, D. L. Waters,

and S. Kohl, "Rotavirus in Traveller's Diarrhea: Study of an Adult Student

Population in Mexico," 1. Infect. Dis. 137., 324-327 (1978).

8. Halvorsrd, J., and I. Orstavik, "An Epidemic of Rotavirus-Associated

Gastroenteritis in a Nursing Home for the Elderly," Secownd. J. Infect. Dis. 12,

161-164 (1980).

9. Echevarria, P., G. Ramirez, N. R. Blacklow, T. Ksiazek, G. Cukor, and J. H. Cross,

"Traveller's Diarrhea among U. S. Army Troops in South Korea," 1. Infect. Dis. 130,

215-219 (1979).

10. Vesikari, T., E. Isolauri, A. Delem, E. D. D'Hondt, F. E. Andre, and G. Zissis,

"Immunogenicity and Safety of Live Oral Attenuated Bovine Rotavirus Vaccine

Strain P7IT 237 in Adults and Young Children," Lancet 2 (8354), 807-811 (1983).

208



Volume 5

11. Kapikian, A. Z., R. G. Wyatt, H. B. Greenberg, A. R. Kalica, H. W. Kim,

C. D. Brandt, W. J. Rodriguez, R. H. Parrott, and R. M. Chanock, "Approaches to

Immunization of Infants and Youm Children Against Gastroenteritis Du3 to

Rotavinuss," L.L_.fct. Dis. 2, 459-469 (190).

12. Foster, S. 0., E. L. Palmer, G. W. Gary, Jr., M. L. Ma-tin, K. L. Herrmaznn,

P. Bevisloy, and J. Soinrscn, "Gaztrocnteritis Due to Rotavirus in an Isolated Pacific

Wland Group: An E'pidermic of 3,439 Cases," . Infect. D5. 141, 32-39 (1980).

13. Linhares, A. C., F. P. Pinheiro, R. B. Freitas, Y. B. Gabbay, J. A. Shirley, and
G. M. Bcarls, "An Outbrez21 of Rotavirs Diazrhea among a Nonimmune, Isolated

South American Community," Am •.• i £r L. 113, 703-710 (1981).

14. Meurman, 0. H., and M. J. Lane, "Rotavirums Epidemic in Adults," Newv EnOl. 1. Med.

2, 1298-1299 (1977).

15. .on Bonsdorff, C.-H., T. Hovi, P. Makela, and A. Mortinen, "Rotavirus Infections in
Adults in A=aciation with Acute Gastroenteritis," I. Med. Virol. 2, 21-28 (1931).

16. Lycke, E., J. Blomberg, G. Berg, A. Eri~rcon, and L. Madsen, "Epidemic Acute

Diarrhea in AduLts Associated vith Infantile Gastroenteritis Virus," Lancet 2 (8098),

1056-1057 (1978).

17. Hopkins, R. S., G. B. Gaspard, F. P. Williams, Jr., R. J. Karlin, G. Cukor, and
N. R. Blacklow, "A Community Waterborne Gastroenteritis Outbreak: Evidence for

Rotavirus as the ASnt," Am. 1. Public Haflth 74, 253-265 (1984).

18. Chanock, R. M., R. G. Wyatt, wnd A. Z. Kapildan, "Immunization of Infants and
Yoxng Children Agahist Rota-vira- Gastroantoritis--Prospect and Problems," 1. Am.
Vet. Med. A:7c. 173, 570-572 (1970).

19. Bishcp, R. F., C. L. Bancs, E. Cipriani, and J. S. Lund, "Clinical Immunity afteri

Neonatal Rotavirs .if.ction," New El. 1Md. 30, 72-76 (1933).

209

L

AI



Volmen 5

20. Chrystie, I. L., B. M. Tottendell, and J. E. Banatvala, "Asymptomatic Endemic

Rotavirus Infection in the Newborn," Lancet 1 (8075), 1176-1178 (1978).

21. Hurst, C. J., and C. P. Gerba, "Stability of Simian Rotavirus in Fresh and Estuarine

Water," Appl. Environ. Microbiol. 39, 1-5 (1980).

22. Smith, E. M., and C. P. Gerba, "Development of a Method for Detection of Human

Rotavirus in Water and Sewage," Appl. Environ. Microbiol. 43, i440-1450 (1982).

23. Brandt, C. D., H. W. Kim, R. H. Yoilen, A. Z. Kapikian, J. 0. Arrobio,

W. J. Rodriguez, R. G. Wyatt, R. M. Chanock, and R. H. Parrott, "Comparative

Epidemiology of 2 Rota-virus Serotypes and Other Viral Agents Associated with

Pediatric Gastroenteritis," Am. I. Enidemiol. 110, 243-254 (1979).

24. Benenson, A. S., Control of Communicable Diseases in Man, 13th ed. (American

Public Health Association, Washington, DC, 1981).

25. Hejkal, T. W., E. M. Smith, and C. P. Gerba, "Seasonal Occurrence of Rotavirus in

Sewage," Appl. Environ. Microbiol. 47, 588-590 (1984).

26. Gomez-Barreto, J., E. L. Palmer, A. J. Nahmias, and M. H. Hatch, "Acute Enter.itis

Associated with Reovirus-like Agents," I. Am. Med. Assoc. 235, 1857-1860 (1976).

27. Lecce, J. G., and M. W. King, "The Calf Reo-like Virus (Rotavirus) Vaccine: An

Ineffective Immunization Agent for Rotaviral Diarrhea of Piglets," Can. 1. Como.

Med. 43, 619-624 (1979).

28. Rao, V. C., and J. L. Melnick, "Recovery of Rotavirus from Estuarine Water of

Galveston Bay," in Am. Soc. Mi-crobial. Meetinp. Abstracts, St. Louis, MO,
March 4-9, 1984, Abstract Q64.

29. Grabow, W. 0. K., V. Gauss-Muller, 0. W. Prozesky, and F. Deinhardt, "Inactivation

of Hepatitis A Virw and Indicator Organisms in Water by Free Chlorine Residuals,"
App. Environ. Microbiol. 48, 619-624 (1983).

210



Volume 5

30. Barrio, R. V., and R. T. O'Brien, "Inactivation of Rotavirus SA-11 by Chlorine,

Chlorine Dioxide and Iodine," in Am. Soc. Microbiol. Meeting Abstracts, St. Louis,

MO, Mamrh 4-9, 1984, Abstract QIC6.

31. Lobe, D. C., M. D. Sobsey, and J. D. Johnson, "Disinfection of Poliovirus and i
Rotavirus by Ultraviolet Radiation," in Am. Soc. Microbiol. Neeting Abstracts,

St. Louis, MO, March 4-9, 1984, Abstract Q99.

32. American Public Health Ass.ciation, Stn~dn"rd Mathccs for the Examination of Water

and Wastewater, 15th ed. (American Public Health Asszociation, American Water

Works Association, Water Pollution Control Federation, WashingtGn, DC, 1981).

33. Berg, G., and T. G. Metcalf, "Indicators of Viruses in Waters," in Indicators of

Viruses in Water and Fccd, G. Ber-, Ed. (Ann Arbor Science Publishers, Inc.,

Ann Arbor, MI, 1978), pp. 257-293.

34. Steinmann, J., "Detection of Rotavirus in Sewage," Arml. Environ. Microbial. 41,

1043-1045 (1981).

35. Keswick, B. H., C. P. Gerba, H. L. DuPont, and J. B. Rose, "Occurrence of Virus in

Treated Drink'ing Water," in Am. Soc. Microbiol. Meeting Abstracts, St. Loiis, MO,

March 4-9, 1984, Abstract Q62.

211
L"



Volume 5

SECTION 4. Hepatitis A

ETIOLOGY AND CLINICAL DISEASE

The hepatitis A virus (HAV) is a 27-nm virus physically resembling an enterovirus.
Symptoms of hepatitis A typically include fever, nausea, malaise, anorexia, and abdominal
discomfort. Jaundice develops a few days after onset of .yrmptoms. The disease ranges
from mild with a duration of 1 to 2 wk, to sever-ly disabling and lasting several months,
although the latter occurrence is rare. The recovery period is usually prolonged. The
mortality rate is 0.1 to 0.5%, and usually only occurs in older patients with a severe case.
Generally there i- complete recovery without sequelae or recurrences. 1

Hepatitis A can be diagnosed by the detection of virus in the stool or by the presence
of IgM antibodies against hepatitis A virus, which are only present in the serum of persons
acutely or recently ill. There is currently no specific treatment for hepatitis A.
Supportive therapy is given as needed. Isolation of cases is not considered necessary, but
they should be restricted from certain occupations such as food handling while in the
infective stage. Patients are infective prior to development of jaundice and for the first
2 wk of illness.

OCCURRENCE

Hepatitis A has a worldwide distribution. It is particularly prevalent in areas rith
poor sanitation. The areas of greatest risk are the Indian subcontinent, Africa (especially
West Africa), the Mideast, and Asia. 2 Nearly 100% of Thais by age 15, Ethiopians by age
13, and Taiwanese by age 20 have antibody to the virus. The attack rate for viral
hepatitis in the United States in 1980 was reported as 26.5/100,000, of which 48% was
hepatitis A.6 Twenty-two percent of tested U.S. Army personnel stationed in Thailand
and 25% of tested persnnel stationed in Germany possessed antibodies to HAV.7 '8 The
disease typically occurs in persons 15 y old and younger, many of the infections in young
people are asymptomatic or mild without jaundice. In general, hepatitis A increases in
severity with age and decreases in incidence after age 35. Both sexes have comparable
attack rates. 1'9
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RESERVOIR

The normal reservoir of hepatitis A is acute-phase humans, whose feces are
infective from the last half of the incubation poried to the first week of jaundice, and

whose serum is infective for a short time during the acute phase. There is no known

carrier state. Rarely, chirmpanzees, or even less frequently, other nonhunuan primates may

be reservoirs of the virus. 1 ' 1 0

MODE OF TRANSMISSiON

Mode of transmission is via the fecal-oral mute. Pemon-to-persmn trandsmission is
most frequent. Common-source outbreaks are linlkcd to water or food. in the U.S., the

role of waterborne outbreaks has been estimated to contribute to 0.4 to 8% of all hepatitis

A incidence. 11-13 Mollusks may concentrate virus from areas with minimally polluted

water and be a source of disease.14,15 Food may aLso be contaminated by infective

persons. Hepatitis A has been showm to be trans:mitted sexually in male homosexuals 1
through the fecal-oral route.

The majority of waterborne outbirea-s in the United States involve small private or

semiprivate supplies, with or without chlorination. Outbreaks can occur by

plumbing-sewage cross-contamination or when the raw-water source is so grossly polluted

with sewage that virus levels cannot be eliminated by a given drinking-water treatment. 1 6

Not much is known about the role of food or water in developing countries, whereas

other enteric agents are transmitted frequently by these routes. It is not unreasonable to

assume that water trarnsmizzion and fcedborne transmis.-.ion may be more pronounced in

these areas than in developed countries. The high level of type A hepatitis among

Americans and Eu.nneans in developing countries suggests a non-person-to-person vehicle [

association. 1 6 Generally, except in definite disease outbreaks, any endemic hepatitis A

that is spread via water is less than detectable epid omiolo gcally.1 1

SUSCEPTIBILITY AND RESISTANCE

Susceptibility to hepatitis type A is general. Infants and small children have a low

apparent attack rate, probably due to the frequency of mild and anicteric infections. 1

Clinical illness may occur in one out of ten hepatitis infections overall. 1 7 Homologous

immunity after infection is generaily lifelong. 1
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ENVIRONMENTAL PEPZSiSTNCE

There is very little infon-nation on the persistence of hepatitis A in the
environment. It is reported to resist 56° C for 1/2 h01 8 Water collected from a well 9 wk

after the onset of a 6-wk outbreak of hepatitis A was stored at room temperature
unprotected from light for 40 d before 7 L were ingested by each of five volunteers. Four

0 19of these developed hepatitis without overt jaundice. Hepatitis A virus is thought to be
retained by oysters for up to 2 rrmo z.fter contamination. 20

DOSE RESPONSE

At the time that hunan vc~unteer studies were performed on hepatitis, the agent had
not been isolated. For this :earon, there are no available data on the number of organisms
necessary to produce infection. In 1945 Neefe and Stokes19 fed volunteers 3600 mL of a
55-mg/L solution of feces from a hepatitis patient, resulting in hepatitis with jaundice in

two of five volunteers. Subsequently 2900 mL of another 55-mg/L solution resulted in 4 of
5 volunteers contracting hepatitis This was about 1 g feces per 18.5 L.

Two of three perscns receiving orally 3 mL of acute serum developed the disease, as

did 13 of 21 volunteers that were fed 1.5 to 5 mL of a 10% feces solution. 1 9 In recent

(1983) studies to determine median infective dose in marmoset monkeys, virus was
measured by fecal suspension, but no estimate was made of particle number. 2 1

He*atitis A is considered to be very much like enteric viruses in general behavior.

Enteric viruses are excreted in concentrations as high as 1010 virus particleslg of feces,

and concentrations as high as 4.6 x 105 infectious virus particles/L have been detected in

raw sewage. One tissue-cmlture infectious unit of poliovirvs and 10 tissue-culture

infective dose units of a wild-type enterovirus have been shown to cause infection in

volunteers. 2 2 ' 2 3 Because hepatitis A is considered to be an enterovirus-like particle, it

may well occur in similar concentrations in feces and wastewater.

LATENCY

The incubation period of hepatitis A is related to the dose. The average incubaition

is 28 to 30 d but ranes from a to 60 d in the references cited. The most common rang, is

15 to 50 d. 1
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DISINFECTION

Treatment in the laboratory at pH 7.0 and room temperature for 30 min with 2 mg/L

HOCI (frze availabla) completely inactivatcd the wiras when inoculated in marmoset
21monkeys, whereas 1.5 mg/L orly incir-ead the incubation period of the virus.

Information on the behavior of hsiatitls A virus in water-treatment processes is
limitcd becaure practical tecehrolocH- for diroct research on the Vims is only now becornin
available. Recent studies have indicated that no hepatitis A virus was detected after

30 min of breairpoint chlorination in .h.avily conta'uinatcd water, or 1 mg of total or

0.4 mg of free-chlorine rcsih:aYlL after purification of the ebove water by coagulation,

settling, and filtration througýh a diatomaaceovs-silica filter.2 4 Specifications generally

accepted for the disinfection of drnindn--water supplies are, expected to stisfactorily

inactivate hepatitis A virus. These s~ecificatiens require a free-available chlorine

residual of 1 to 2 mg/L for I to 2 h Dt a 1,1-1 of lc.ss than 8 and turbidity of lerss than one

unit. 2 4 Some other viruses have besn Iahov-n to suvive this treatment, 1 1 and the efficacy

of treatment on hepatitis A virus is not tuiver.ally accepted. 2 5

MONITORING METHIODS

There is currently no standard method for monitoring hepatitis A in the

environment. Hepatitis A is currently difficult to propagate, requiring complex tissue-

culture methods and specially trained personcel. 2 6 This is an active area of ongoing

research.

INDICATOR-PAT!IOGEN REALGNS. I P

There is no reliable di-'rct correlation bcetween virvues rand indicator org aisms such

as coliform bacteria, fecal streptococci. acid-fast b7,ctedii, or cotiphages. However, some•,
of the.se organisms, particularly ccli h•v., can be tueful indicators of the vinrcidal

pro!w'rtrivs of water-treatuent 24 Althomgh this information pertaLns to virue,.

in general, it can bi applied to h!i;atitis ..s vl,. It is current!y considered that 0he

pre~er--cp of ind.'cator orgnisirs i-ray i'cst....esih vinru contamination, but thl,

ahsenc of ,niators d noo at Wrte the, ,.rice of viru.
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CONCENTRATION IN THE ENVIRONMENT

There is virtually no information available on the numbers in which hepatitis A virus

occurs in the water environment.2 4 This is an area where more research is greatly
needO, In temperate climates, hepatitis incidence peaks in the late fall and winter. As

with many other waterborne diseases, in areas with poor sanitation, the incidence may

increase following heavy rainfall or the cnset of the rainy season.
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APPMDMIX C: PA.AITIIC ORMVC :IS

SECTION 1. Ent=roeba histolvtica

ETIOLOGY AND CLIMCAL DISEASE

4

Entamoeba t taý is a potentially invasive protozoan parasite. Although

amebiasis (infection with E. hi5tolytica) is usually asymptomatic, it can lead to both
intestinal and extraintestinal disease. The clinical response is exceedingly variable and is

most frequently intestinal, ranging from intermittent mild diarrhea with blood and mucus

in the stools, alternating with constipation to fulminating dysentery with chills, fever, and

severe diarrhea.1 The chronic disease response leads to marked weight loss, wasting, and
malnutrition. 2 Pathologic lesions may occur anywhere in the colon but are mainly found in

the cecum, ascending colon, and rectum. Intestinal mucosa can become ulcerated and may I
slough off. Granulomatous lesions called ameboma may develop, which can be mistaken

for carcinoma. Liver abscess is the most common extraintestinal presentation. Invasion
may dtevelop via amoebae carried from the submucosa by the portal veins. Abscesses may

also occur in the diaphragm, lung, and pericardium from penetration by liver abscesses.
Rarely, abscesses may form in any part of the body, such as brain, bladder, uterus, or skin. 3

The infective form of Entamoeba hirtolytica is the resistant cyst. Persons are
capable of spreading disease as long as they are shedding cysts, which may be for years.1

Secondary bacterial infections in intestine and liver abscess can and often do occur.

The majority of infections, possibly up to 85%, are asymptomatic.4-6 It is possible that

virtually all strains may be avirulent in the intestine, and some sort of stimulus is needed

for pathogenicity,5 but this conversion stimulus is unknown. Subclinical invasion of the6Iintestinal mucosa may be frequent. 6

In Mexico at the present time, abscess is found at the rate of 2% in all adult patients

and in 3 to 4% of autopsies. Before treatment was available in that country, the death

rate for liver-abscess sifferers was 80%.7 Amebiasis was the seventh most frequent
cause of death in Guaternalan hospitals in 1974 and sixth most frequent in Mexico in

1906 __4

1970.6 The etio!ogy of this diease often goes unrecogmized until autopsy or surgery,

because diag2osis can be difficult.
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OCCURRENCE

Entamoeba histolytic is found worldwide. 1 ' 4 ' 7 In general, tropical and subtropical

areas have a higher attack rate than temperate countries. This appears to be due more to

sanitation than to climate.8 As a rule, more males are infected than females; this is

particularly the case with abscess. 4 ' 9 However, one study in Gambia demonstrated higher

attack rates in women than in men. 1 0 The ratio of men to women with amebiasis in

Medco is 3:1.
6Morbidity and mortality increase with age. Seventeen percent of mothers were

infected in Sukuta, Gambia, but no babies 0 to 18 me of age shad cysts. 1 1 Young children

generally have a lower attack rata than that reported as the world-wide occurrence

rate. - There may be a racial difference in attach rate ; this is confounded by living

conditions. Natives of subtropical and tropical areas seam to tolerate the disease to a

greater extent than nonnatives, but the carrier rate is greater in the natives. 9 Attack

rates reported around the world are shown in Table C

RESERVOIR

The reservoir of E. hL-tolvtica is the infected human. Probably the most important

source is the a.ymptornatic ca r, although chromatically ill persons are also infective. 8

About 50% of those infected pars cysts continually and, as stated above, they may be

asymptomatic. 9 It is poasible that some animals may form a reservoir, as cysts have been

recovered from apes, monl-eys, dogs, pigS, cattle, cats, and rats. 9  Even with this

possibility, zoonotic tranm ion is probably not significant. 3 '9 In a study in India, the

close association between domestic animals and humars did not appear to be associated

with the prevalence rate of amebic dysentery. 3 9

MODE OF TRANSMITSnION

Endemic spread of amebiasis is by the fecal-oral route; this can stem from

hand-t: -mouth fecal transfer and fecally contmunh.ated raw vegetables, possibly by

contam:nated hands of food handlers and perhaps by water.1 Flies can spread amebiasis;

cysts cr-n live in fly droppings for 43 h. Epidnmiics generally stem from water

contaminated with cysts from feces of infected p./,marz•.1 Areas where a high level of

cleanlin:ss is difficult to raa-ntain, such as mentzA hospitais, may have chronically highU

infection rates.38 Sexual tre.nimnission by or!.-rcctal contact, particularly among male

hornose-n'ams, has been reported. 1 '4 0
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Table Cl-1. Attack rates of Entarmciba his-tolvtica.

Year of Attack
published rate
report (no./1000) Location Description Ref.

A: Attack rate of persons with symptoms

1935 600 Chicago, IL WOa firemen (exposed group) 17
1935 150 Chicago, IL WO controls 17

1935 370-570 Chicago, IL WO those with symptoms 17
1982 22-140 Mexico Acute diarrhea and dysentalry 7

1983 85 Seychelles Outpatients, parasite symptoms 18
1983 19 Brazil Children with diarrhea, <6 y old 12
1978 24 Manila Poor children, ill 13
1978 0 Manila Poor children, controls 13

1978 50 Portugal Travelers with diarrhea 19
1983 5 Indonesia Poor children with diarrhea, <3 y old 14
1983 40 Indonesia Poor children controls, <3 y old 14

1983 10 Indonesia Medium income, diarrhea 14
1983 50 Indonesia Medium income, controls 14
1978 0 Houston, TX Children with diarrhea 15
1978 •0 Mexico Children with diarrhea 15
1983 5.9 Bethesda, MD Military personnel, 1946-57 20

1048 70-100 Tokyo WO employees before 21
1948 222 Tokyo WO employees after 21
1948 629 Tokyo WO occupants of buildLng 21

1955 524 Indiana WO workers 22
1955 37 Indiana WO family contacts 22
1956 507 Indiana WO family stool sample 23

B: Infection, symptomatic plus asyrnptomatic
1971 24 Bangkok Middle cla.s, stool survey 24

1964 170 Gambia Stool survey; mothers, infants 11

1964 0 Gambi. Stool survey; infants <18 mo 11
1978 8.3 Mexidc' Travelers, prospective study 25

f22
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Table C1-1. (Continued)

Year of Attack
published rate
report (no./1600) Location Description Ref.

1976 99 Southern U.S. Blacks and whites, total 26

1976 6 Southern U.S. Whites 26

1976 60 Southern U.S. Blacks and whites, total 26

1968 483 Brazil Xavante Indians, stool survey 27

1970 2 Aspen, CO Stool survey 28

1930 300-800 Amazon Acculturating tribes 29

1980 140-280 Amazon Newly encountered tribe 29

1963 260 Surinam Reservoir area, villages 30

1963 70 Surinam Reservoir area, city 30

1963 59 Los Angeles, CA Commune 31

1983 70 Los Angeles, CA Commune, returnees from India 31

1982 44 Venezuela Poor children, 0-12 y; stool survey 32

1982 77 Venezuela Poor children, 0-12 y; serological survey 32
1981 40 Venezuela Stool survey 33

1977 255 Gambia Whole country, city of Banjul 10
1977 155 Gambia City of Banjul 10

1983 340 Bangladesh Stool survey, 30-44 y old 34

192 15-330 U.S. American Indians,; range

1962 149 U.S. American Indians; mean 35
1974 170 U.S. Mental institution patients, employees 35
1977 120 Texas Extended family, stool survey 37
1977 457 Texas Extended family, serological survey 37
1972 100 Eurmp3 Attack rate 16

1972 120 The Americas Attack rate 16

1972 170 Africa Attack rate 16

1972 160 Asia Attack rate 16

1972 15 U.S. College studlcnts 16

1972 90 U.S. Small to',,m 16

1972 110 U.S. Indian children 16
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Table C,- 1 . (Continurd)

Year of Attack
published rate
report (no.11000) Location Description Ref.

1972 90 U.S. Agricultural workers 16

1972 140 U.S. Municipal sewage workers 16
1982 0 Mexdco U.S. students, visiting 4 wk 38

1972 137 India Stool survey 39

1982 100 Worldwide Overall attack rate 6
1935 116 U.S. Mean of 18 stool surveys 17

1974 200-800 Worldwide Amount asymptomatic 9

1983 30 U.S. Countrywide estimate 2
1983 287 San Francisco, CA Homosexual men 40

1983 7 San Francisco, CA Stcol survey 40

a WO - waterborne outbreak.

SUSCEPTIBILITY AND RESISTANCE

Susceptibility to arnabiasis is general, but most persons infected with
1 f

Entarnoeba hitolytic- do not develop outright disease. There is little indication of

post-infection immunity in humans; reinfection is common.''' 9 The fact that severity

and death from the disease increase with age is an indication that effective immune

resistance is not acquired from previous infection. 6 Humoral antibodies are assumed to
appear only after invasion, which can be subc-linical. It is doubtful whether either the

humoral or cellular immn.-na reactions induced by infection confer protection, 6 except for

the possible protective role of him oral antibodies in liver-abscess cases.4

Amebiasis is known to be exacerbated by immunosuppre.xsion. The disease is t
enhanced by hcrmonal alterations; pregnancy increases invasiveness. Malnulrition and

particularly its concomitant weakening of resistance also enhance the development of
amebiasis. 6 Infants, whose immune systems are not fully developed, are especially

susceptible to fulminating forms of amebiasis when infected. 6
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ENVIRONMENTAL PERSISTENCE

The form of Fntunoeba histolytica found in the environment is the cyst, a highly

resistant structure. Cysts have been reported to survive for 153 d in distilled water at 12

to 220C.•1 They can survive nearly 3 mo at 0VC, 1 me at 100C, 10 d at 20°C, and 3 d at

30"C in fresh water. Kept moint and in the shade at room temperature, they have lasted 9

to 21 d and 14 mo in cell cultures at VC.

The cysts die rapidly in heavily polluted water but can survive 1 to 5 wk in water of

low contamination. 9 The concentration of cysts decreases at a rate of 30% for each 10°C
16increase in temperature in sewage. Cysts are resistant to drying, freezing, and acidic

conditions,41 but are killed by temperatures above 50 0 C, complete desiccation, sunlight,

hyperchlorination, or extended exposure times in chlorinated water.3

The more fragile trophozoites can be pa---.ed out of the body during diarrheal phaaes
8of the disease, but they are short-lived. There are conflictinZ reports of their ability to

withstand the acid of the stomach, 8 makdng their ability to transmit infection unclear but

doubtful. Optimum growth occurs at 35 to 370C, at pH 7.0, and under reduced oxygen

tension. Trophozoites can survive up to 5 h at 370C and 96 h at 5C under laboratory

conditions.
2

DOSE-RESPONSE RELATIONSHIP

The dose-response relationship for Entamoeba histolytica has not been determined.

Feeding studies using humans were performed in 1913 on Philippine prisoners by Wa!lker

and Sellards; 4 2 however, cysts were not enumerated, and the data obtained are not useful.

Animal studies have also not been effective in deteiminiing infective dose.F

It appears that the massive and frequent doses acquired in endemic areas are of

epidemiological importance; repeated large doses may be needed to infect people under

constant exposure. Infection aco is Imovin to decreaze with increased food intake,

increased intestinal motility, and a decrease in the number of orar'.ms.2

LATENCY

Acute intestinal amebiasJs has an incubation period from 1 to 14 wk in general.2 The

onset can be insidious, and noticeable disease may take months to years to bacome3,8 •
apparent.
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DISINFECTION

Entarnoeba histolytica cysts are quite resistant to chlorination. Sand filtration

appears to be superior to chlorination in removal of E. histolytica cysts from raw
water. Trickling biofilters decrease the numbers of E. histolytica cysts by 88 to 99%
in sewage. A 1-h treatment with 5 mg/L free-available chlorine (FAC) in raw water is

recommended for total destruction of cysts. A C12 residual of 1 mg/L should be kept to be
assured of the drinrdng water's safety.9 The pH, temperature, turbidity, and contact time
all affect the disinfection efficiency of chlorinating E. histolytica. Even when these

factors are optimal, the level of free chlorine required for amebicidal activity is 3 mg/L,
which is six times the recommended level of 0.5 mg/L for municipal drinking water.4 5 At

30°C, pH 7, and 10-min contact time, 2 mg/L FAC residual was needed for 99% I/
inactivation of cysts as measured by excystation methods. Under the same conditions,

2.5 mg/L was needed for 99.9% inactivation. Bromine was found to be a superior
cysticide, compared with chlorine or iodine, over a pH range of 4 to 10. Iodine was the
best disinfectant in the presence of ammonia.2 0 Brady et al.4 3 showed in 1943 that the
recommended dose at that time (3.77 mg calcium hypochlorite/L) was insufficient to kill
cysts in raw water. Thirty-nine percent of cysts survived this level after 20 min, ai.d 83%
survived 15 nin. Up to 50% of cysts survived 56.6 mg calcium hypochlorite/L for 15 min
or less, but none survived this chlorine level after 20 min. (It should be noted that addition
of calcium hypochlorite to water may raise the pH of water to above optimum for
disinfection; this may have affected the work of Brady et al.)

The cysts are known to survive 0.04% HgCI2, 0.5% formalin, 1.0% phenol, and

2% potassium permanganate.9

MONITORING METHODS

Standard Methods for the Examination of Water and Wastewater 46 recommends two
techniques to detect E. histolytica cysts in water and sewage samples:

1. Sample concentration: Use a membrane filter with a 7- to 10-pm pore size if
turbidity is not too great. A sample size of 4 L or more is suggested. A direct

microscopic examination of the above filter contents is made in a Sedgewick-Rafter
counting cell under low-power magnification for identification and enumeration of

cysts or trophozoites.
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2. E. h istoltica may be cultured on mcdificd liver infu•ion medium. A 3- to 6-d

incubation at 37"C should be followed by micrc.pcoic exmunination for trophozoites.

A most-probable-nurnbxr (MP approximation can b? made by concentratLig and

culturing replicate sampla portions.

INDICATOR-PATHIOGEN RELATIONSHIP

As in the case of Gav~ia lnblia., there is frq-quontly no apparent correlation

between coliform numrber or oth'r indicators and th. prcZcnce of protozoan cyst-,.4 7

Cysts of E. histolytira were fouind in 8% of water saxzhwnp ta fom open waste drains in

Ibadan, Nigeria. The total coiforms measiurcd in thcee drains were as high as

1.8 x 107/100 mL; the conccntraticn of fecal coliforms measured as high as 102 to

1.8 x 10 4/100mL, with an average concentration for all measurements of 2.7 to

4 x 103/100 mL. 48

CONCENTRATION IN THE ENVIRONMEIN'T

Entarnoeba hL-,tolvtica can be found in low densities in wastewater. Five cysts per

liter were detected in raw sewage in Haifa, Israel, and 1 to 2/L in treated -ffluent. 16 In

.he Nile Delta region of Egmypt, tap water was found to contaLn cysts in 63.6% of 7 samples

and 55.1% of 59 samples of water stored in the earthenware storage jugs ("zirs")

commonly used there.41
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SECTION 2. Giarzlia lIamblia

ETIOLOGY AND CLINICAL DISEASE

Giardia lamblia is a flagellate protozoan that principally infects the upper small

bowel. Infection by Giardia is frcquently ,•mynptomatic, but can result in a variety of

intestinal symptoms. Most comanonly, these symptoms conrsst of chronic diarrhea,

steatorrhea, bloating, abdominal cramps, frequent gTemy malodorous stools, weight loss,

and fatigue.I Malabsorption syndrome may occur, vith impaired absorption of carotene,

vitamin B-12, folate, ajd fats. Symptoms of this sindmome are flatulence, foul-smeU~ng

bulky stools, aheominal distension, anorexda, nausea, and weight loss. Certain

immunodeficiency syndromes may also be associated with G. lamblia infection.2 There is

generally no tissue invasion beyond thi bowel lumen, but damage to duodenal and jejunal

mucosal cells may occur in severe diease.

Illness can last from 1 d to 3 mo or more. 3 The average duration of symptomrn is

reportedly 30 to 45 d,2 '4 but may be as short as 10 to 15 d.5 '6 Carriers can shed Giardina

for yeas, 7 but usually self-cure occurs withm' 2 to 3 mo. In one study, only 2 of 56 (3.5%)

infected persons were ill less than 10 d.8 In another study, Barbout et al.6 reported 9 of

59 (15.2%) clinical cases relapsed within 3 mo of treatment.

OCCURRENCE

Giardia l=131a is found worldwide. Infection is more frequent in children than
2adults, particularly arnong the group aged 6 to 10 y. There is no apparent seasonal

fluctuation of attack rate. See Table C 2 - 1 for reported attack rates.

Areas of the world knovm to be asociated with increased risk of infection include

Southteast and South Asia, West and Central Africa, Mexico, Korea, and Western South

America.3 3  Arnas of relatively increasad rik, in the United States are us-ually
I.

mountainous and incluhde Nowt England, the Pacific Northwest, and the Roclky Mountains.

RESERVOIR !

The major rse,-zvoir of Giax-,h is the infected human. The rate of asynmptomatic

infection can be high; in the Berlin, NH outbreak, 76% of cases were reported to Le
5

asymptouratic. In an outbra,,k in Montana, the awymptomatic attack rate wa3s 13%I"

overall, 3 1 and a stool survoy of pcson;s without symptoms in Finland showed a 12%1 )
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Table C -1. Attack rates of Gli2rdla Imblia.

Area Attack rate Comment Ref.
(per 1000)

Surinam 30-220 Stool survey 9

Dominican Republic 7 Stool survey 10

Amazon 200-250 Tribes; acculturated 11

Amazon 40-50 Unacculturated 11

Mexico 30-60 Students; U.8. 12

Mexico 110-180 Latin 12

Iran 140 Stool survey 13

Finland 80 Asymptomatic stool survey 3

Gambia 124 Stool survey 14

Gambia 10 Infants, 1 y old 14

Gambia 170 Children, 5 y old 14

Gambia 90 Mothers of children 1 y old 14

India 210 Children, 5-9 y old 15

Brazil 67 Indians, stool survey 16
Brazil 331 Children with diarrhea, < 6 y old 17

Manila 30 Poor children 18

Rome 24 Children, stool survey 19
Bangladesh 420-820 Infants, survey, 1.5 y 20

Bangladesh 820 Mothers, survey 20

Israel 300 Children, 3 too-3 y 21

Worldwide 74 Worldwide, 3 mo-3 y 21

Tokyo 450 Waterborne outbreak, employee 22
Tokyo 762 Waterborne outbreak, residents 22

U.S. 23-240 Stool survey, Indians 23

U.S. 44 Stool survey 24
U.S., south 31 Stool survey 25

U.S. 15.3 Stool survey of children, 11 y old 26

U.S& 109 Outbreak 27

U.S. 53 Controls 27

U.S. 90 Mental institution, Ratients 28 c

U.S. 70 Mental institution, employees 28

U.S. 45 Extended Chicano family 29
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Table C2 -1. (Continued)

Area Attack rate Comment Ref.
(per 1000)

Colorado 50 Stool survey, Aspen, CO 30

Montana 330 Outbreak, residents 31

Montana 130 Outbreak, asymtornatic 31

Now Harnpshir3 460 Outbreak, tovrn 5

New Harn;shie 85 Outbreak, ccntrol.s 5

Utah 98 Outbreak 32

Washington, DC 70 Outbreak 15

Indiana 40 Outbreak 15

New York, NY 20 Outbrek 15

Aspen, CO 50 Outbrnaak 15

Atlanta, GA 50 Outbrawk 15

Minnesota 150 Outbremac 15

Hawaii 45 Outbreak 15

Boston, MA 220 Outbreak 15

Baltimore, MD 160 Outbreak 15

Philadelphia, PA 80-120 Child•en 15

Wyoming 220 Native American children 15

3t

Giardia preva!2:nca rate.3 Beavers may b3 a rcservoir and have been implicated in

waterborne outbreL.j. 3 1 ' 3 4 '3 5 Dogs, gerbil- , g'-i'a pij-, beavers, raccconn, and bHe=n

sheep have hon e:,periinzntally infected with G, !nmh½,3 and muskrats in the D-troit

waters&hd veia• fou-rA to be .nfected.3 7

MODE OFT2;M&3C

The most cmmraon mode of tran5mLsion is from contaminated water•. 1,33,38
S1pPLe'.•. Twenty-three watcrbomna outtbreak. of -=diazis were rported in iho

U.S. Ln the ye-,a•ir 1;f33 to 1073, affecting 7000 pel-cný. Outbreaks generally involve smAll

rnuc4e;. 1irpblic s...tc.s, or .. tr.atz.d water, with only chlorinn for
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treatment, or no trnaten•t at all.,39 Foodblome outbreais have been reported. 4 0

Hand-to-mouth transfer of cysts from the feces of infacted individuals occurs, especially

in day-care center1 and institutions28 and also via anal contact during sex.1' 4 1

SUSCEPTIBILITY AND RESISTANICE

The mechanL-sms that protect humrans from infection with Giardia are largely
42unknown. There appears to be some sort of partial immumity. In a study in Bangladesh,

first infections led to clinical syrnptci-s, but most later infections had no symptoms. 2 0

Members of a group of campers in Utah who drank untreated mountain water 2 me

previous to an outbreak there had, upon renewed exposure, a lower attack rate than those

who had not been previously exposed.6 Residents living in Aspen, CO, for more than 2 y

prior to a local outbreak had a lower attack rate than newcomers. 3 0 Humoral immunity

possibly plays a role in host defense, 4 1 ' 4 3 and nonimmune factors may influence duration,

incidence, and severity of giardiasis.44 Acquired resistance in mice to Giardia muris has

been demonstrated. 4 2 ' 4 5 Human milk may play a role in protection of exposed infants, 4 4

but the protection is not clear-cut. 2 0

ENVIRONMENTAL PERSISTENCE

Giardia lamblia generally forms a resistant cyst before leaving the intestine; this is

the form found in the environment. Trophozoites, which may be passed in severely

diarrheic feces, do not survive. 4 1 Giardia cysts survive for the longest time in cold water;

5°C appears to be optimal.46 Cysts have survived for up to 10 ma in fresh water at 8°C,

and 1 me in fresh water at 210C. 4 6 Cysts survived 32 d in fresh water at room
47temperature. They cannot tolerate freezing. Cysts are at optimum viability at

pH 6 to 846[

DOSE-RES'PONSE RELATIONS1IP

Rendtorff and Holt4 7 and Rcedtorff 4 8 performed a series of feeding studies on
prison volunteers in 1954. The results are shown in Table C2 -2. It should be noted that

Table C2 -2 reports infection only, a detected by examination of stools for Giardia cysts.

Of the infections produced, none resulted in outright dhsease, as is noted below.
In one of the studies, 64.7% of me-n fed lA cysts stored 0 to 16 d became infected 4 7

with no decrease in infectivity over cyst-storage time. A reexamination of Rendtorff's

data, presented by the same authar in 1978,4 attributed the low infectivity of the 25-cyst
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Table C2 -2. Dc..e respcr-se for Ciar-h ianbriLa.4 7,V'o e

Percent:
No. cysts given No. exposed No. infected infected

1 5 0 0

10 2 2 100

25 20 6 30

100 2 2 100

10,000 3 3 100

100,000 3 3 100

300,000 3 3 100

S,2 _2 100
Total 40 21 52.5

Controls 21 0 0

dose to the suspected low infectivity of thi cysts u-sad. Cysts were recovered from feces
of humans sheedinc, Ci,7r,_ , ard the cysts used for the 25-cyst doses were from a

different person than th.es used in the other te:ts. There were no clinical signs in any of
these volunteers duzing the 5-1/2-mo study, except for mild transient changes in

frequency and consistency of stools in a few subjects. The dose size did not seem to be
related to peristence of infection.

LATENCY

The incubation penod is variable. In expscrimentad infections, incubation ranged

from 6 to 22 d. 1 Latency has been rer-rtod to rang- fiosn 3 to 56 d with an average of 7

to 9 d.3,39'49

DISINFECTION

Studies have been performed on the resistance of Giareia to several disinfectants.,.o46 2 ipay h ffcso
Table C2 -3 zows ,: diinfection biy chlorine, and Table C2-4 displays the effects of

various emor3'ency watar-d-nfectant-treatmant ethcfI,. The cysts of this parasite

are, relative to bacteria and viruses, very resi;tznt to the effccts of chlorine in water.
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Tabla C 2 -3. Di-afzcticn of C cyz"! 4 c va,• , ca'am-1. 43  V

TermpratUxM Chlorine Time Percent
(90 pH (mg/L) (min) killed

25 6,7,8 1.5 10 100

15 6 2.5 10 100

15 7,3 3.0 10 100

15 7,8 2.5 30 99.5

15 7,8 2.5 60 100

15 7,8 2.5 10 98

5 6,7 1.0 30 90

5 6 1.0 60 99.8

5 7 1.0 60 98

5 8 1.0 30 80

5 8 1.0 60 95

5 6 2 10 90

5 6,7 2 30 95

5 6,7 2 60 99.9

5 7,8 2 10 80

5 8 2 30 93

5 6 2 60 99.8

5 6 4 10 96

5 6 4 30 99.6

5 6,7,8 4 60 99.9

5 7 4 10 92

5 7,8 4 30 98

5 8 4 10 90

5 6,7 8 10 99.9

5 8 8 30 99.9

5 8 8 10 99.7
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Table C2-4. Disinfaction of Q½•!ia cysts by e," jrcy matlhoýd( illed in water). 0

Teimierature

30C 200C
Water type

Treatment Clear Cloudy Clear Cloudy

Control 0.0 0.0 0.0 0.0

Halazone > 99.8 > 99.8 >99.8 > 99.8

Chlorine bleacd > 99.8 91.7 > 99.8 > 99.8

Globalinoa'b > 99.8 97.5 > 99.8 > 99.8

EDWGTc'b > 99.8 > 90.3 > 99.8 > 99.8

.Iodine (2% tincture) > 99.8 74.6 > 99.8 > 99.8

Iodine (saturated) 77.3 96.5 > 99.8 > 99.8

a Contents not -rpcified in thin paper.

b Used as recommended by manufacturer.

c Emergency drejndng-water germicide tablet (EPA Reg. No. 34161-1-37257), contents
not specified.

Giardia cysts were found to be very resist.nt to UV irradiation. Less than 90% of
cysts were killed by up to 63,CCO W*S/cM2, whereas £cherichia call was inactivated

99.9% by a UV level of =000 pW-s/cm 2 . Commercial UV treatment units usually cannot

attain th3 hijh d-ocs necessary to kdll Gjn.i9a cysts. 5 1

In the prcess of treatment of mricipad dLr c'in-n water from sourc•s posibly
contaminated with G-r5i_ cysts, it is ncccrzazy to filter the water after chlorfnation to

be certahi the cysts have been elimniated. 39

MONTTOMr.NG MET-H"OCS

Starv.rd Meth-cs for tho Ex,-.mina'ton of Water and Mntewater 52 states that the

foilowin 3 mehofld should ba consideredi tentative sinnce recovery-efficiency data are

limited. A yarn-wourd Orlon filter app-a-tus is u-_sed, and a svuested volume of 1900 L,

collnctrd over 18 to 24 h, in filtered. The filter itself is hmorno•nized, the hornofenate is

fitered vhrnl h a c scren, and E...... qu•d is cq.•,.,zcd out. The filtrato is settled,

decanted, and either filter;d or fEocculated with ECI and fermalin and then refilterred. r
Filter wehins are stahed with Lu-ol's iodine and sca.nsid under lOX magnification for
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Giardia cysts. Sumect cysts are confirmed under 43X examination. It is suggested that

three preparations per sample be examined, and if all three contain no cysts, to consider

the sample negative. The Environmental Protection Agency has determined the Orlon

filter method to be 58% efficient.5 3

Because microscopic methods require that only a very small number of organisms be

examined, efficiency of Giardia detection methods can be very low. Some samples

containing less than 4,000 cysts/L (a high concentration) may not be detected at all.54

Although trophozoites can be cultured, there is no in vitro method for cultivating

Giardia cysts at present. Animal testing is one method of testing infectivity of Giardia

cysts, but requires a specialized laboratory. 52  Excystmcnt can be achieved under

laboratory conditions and is often used as an indicator of viability in chlorination

studies.46,55

INDICATOR-PATHOGEMN RELATIONSHIP

Frequently there is no apparent correlation between coliform numbers and the

presence of cysts.35 This is particularly so in unfiltered but disinfected drinking water.

Negative coliform tests do not provide assurance that water is free of Giardia cysts;

however, positive coliform results often correlate with outbreaks.3 9 Stream water

associated with an outbreak in Utah contained 42 colonies of fecal coliforms/100 mL; a

fecal coli count of <50/100 mL is considered normal (uncont:.iinated) for a stream of that

size and elevation in Utah. 6 (The coli counts may be from animal origin and do not

necessarily indicate human fecal contamination.) In a giardiasis outbreak involving

treated water, samples of raw water upstream from treatment-sysstem intakes showed <5

total and fecal coliforms/100 mL.3 1

CONCENTRATION IN THE FENIVIRONMENT

Concentration in the environment can vary widely. This may reflect intermrdttent
contamination of water, poor sampling recovery efficiency, insufficient sample volume, or

53sampling frequency. In an outbreak in Rome, NY, only one cyst was isolated from

1 million liters of raw water from the plant intake. This is about one acre-foot of

water, a tremendously large amount to sample. At the Androscoggin Water Treatment

Plant associated with the Berlin, NH, outbreak, three cysts were recovered per 100 mL

treated water. 5 3 Fifteen percent of water samples collected in open drains in the city of

Ibadan, Nigeria, contained Giardia cysts.4 9
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J~boZi ndEic!zn~ cztiziatcd that z;V1 -",3 May contain frvr 96,COO to
2,400,OCLO cy2Wt.:L whc-n 1 to 25%ý of Caw rpontilticn !:.- in,'Pct-d. Infcctcd ra~nimay shed
1,COO,CCO cý';t J3. of fc c-:,.5  In z-cmni cutbrc~ais, nocyý,U lhavaj L-o-n r.ucovelrd at all.
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APPENDIX D

UNCERTAINTIES AND RESEARCH RECOMMENNDATIONS

During the proces of gathering and reviewing information on thd disease organisms

discussed in Appendices A through C, it became apparent that there are several areas

where more information is needed. Table D -1 presents a summary of the key areas

where insufficient or no information is available, thereby identifying data gaps and

potential areas for future research.
Review of Table DI-1 for bacterial organisms indicates the following:

1. For the more recently identified etiologic agents of waterborne diarrhea reviewed in

this text, such as Yersinia spp. and Camvylobacter spp., all categories of research

need to be explored or improved. There are no adequate enimmeration techniques or

monitoring methods, the fate or role of these organisms in the environment is not

well-defined, and the effectiveness of disinfectants in the control of these agents

should be studied further. The clinical symptomology and pathogenicity of these

organisms have recently been described; however, there have been few studies

concerning the parameters of dose response, latency, or immunity.

2. Information on the other bacterial pathogens reviewed (i.e., Salmonella spp.,

S., 1_M, Sjeella spp., V. cholerae, E. coil) is generally available in some detail, but

needs better definition in order to improve the confidence of the risk estimates.

Clinically, much information has been collected on these organisms because they

have been of major concern for many years. Areas such as occurrence and carrier

rates, concentration in raw water, and secondary attack rates still need to be better

defined. Vaccine development is progressing for cholera, typhoid, and pathogenic

E. coil, but the vaccines currently offer limited protection and variable efficacy.

3. One of the most important but neglected areas is the relationship between indicators

and pathogens,. Frequently, the correlation between coliforn numnbers in water and

numbers of pathogens or the disease rate in those exposed to contaminated water is

confuned and incomplete. It was also noted that a serious question exisits as to the
advisability of using coliforms as indicators of water quality in tropical are•s of the

world. Research is needed to (a) demonstrate which microorganism(s) would best

serve as indicators of water quality under a variety of conditions; (b) deter-mine the

relations•uip betwepn indicator organisms and the numbers of infectious agents that

may be present; and (c) develop methods for the rapid detection and enumeration
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in water of apjpropriate indicators or specific pathogens. These data are essential to

improving the confideance of diszase-risk estimates based on water-quality criteria.
4. There is limited information concerning the survival of bacterial pathogens in water

under various environmental conditions (pH, temperature, salinity, organic loading,

effect of indigenous microfiora, etc.). Data concerning the environmental

concentration of bacterial pathogens in water systems are generally inadequate.
Additional research is needed to monitor seasonal or annual fluctuations and the

effects of rural, suburban, and urban areas on bacterial pathogen concentrations and
survival rates in priority waters in selected geographic areas.

Review of Table D -1 for viral and parasitic pathogens indicates the following:

1. There is little to no information available on human dose-response rmlitionships,

occurrence and concentration values in water, and indicator orgzanLsm-pathoaen
relationships for the organisms reviewed in this study. Additional fesearci should be

conducted in these areas to improve our understanding of these organisms, as well as
confidence in the estimates of risk.

2. Monitoring techniques are not available for the isolation and enumeration of

hepatitis A, Norwalk agent, and rotavirus, all of which appear to be the most
important viruses associated with waterborne discases. Additionally, the techniques

available for isolating and enumerating E. histrilytica and G. lamblia are difficult,
time-consuming, and require highly trained laboratory personnel to perform.
Research should be performed to develop reasonable quantitative technniques for

rapidly monitoring these organisms in the environment.
3. Reliable infom-ation is needed concerning the survival rates in water and during

water treatment of the above-mentioned viruses and parasites.
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1 copy Commender
U.S. Army Environmental Hygiene Aj3ncy
ATTN: EHLID-AD-L
Aberdeen Proving Groumd, MD 21010-5422

and
1 copy Commander

U.S. Army Envirom-nental Hygiene Agency
ATTN: HSHB-OM
Aberdeen Proving Ground, MD 21010-5422

1 copy Commander/Director
U.S. Army Construction Er•gineering Rczearch

Laboratory
ATTN: CERL-EN
Champaign, IL 61820-1305

1 copy Director
Walter Reed Army Institute of Research
ATTN: SGRD-UWK
Washington, DC 20307-5100

1 copy Comrnmandnt
U.S. Army Acadmny of Health Sciences
ATN: HSHA-CDS
Fort Sam Houston, TX 78234-6100

1 copy Commander
U.S. Army Belvoir Research, Development

and Engin.ering Center
ATTN: STRBE-FS
Fort Belvoir, VA 22030-5600

1 copy Comrnder
U.S. Army Natick Rezearch, Developmtent

and Engine=eng Center
ATTN: DRDNA-YENatick, MA 01760-5020

1 copy Comnm ader
U.S. Army Research Institute of

Envlrorrne-etal. Medicine
AM7TN-1: SGT.DUE-HR
Natich, MA 01760-5007
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DIThIju70ri-G (Ccntznucd)

1 COp y Commnf]
U.S. Annvj Mctlic:ýI flz:'rcanh ,id

Develo.-ment Cmrz
AWTN: SGIRD-PLC
Fort Detrick, FrZ4.z-IcL-, 1,11121701-5012

1copy HQDA 07TSG
ATTN: DASG-P-S?-E
5111 Lec,-,b,,r PI'Ia
Falls Churcoh, VA 220ý11-32C13

1copy7 NAVAM COM
Code M2flCCNI 02C
Wa~hinrjtcn, DC 2C072-51.10

1copyI EQ, USAF, Boiiong AFB
ATTNI: SGZS
Wzhilngton, DC 270332-5C CI

1copy U.S. Navy Erimvrom ctai Hzolth Ccnter
Code 64

1 ~ Norfolik, VA 23511
copy HQ, U.S. Marino Co-ns

Of'fice of the M--dica1 Orlicer
Cnde Med
Washin~tor. DC 203G-0-5000

1copy, Comman~der
U.S. Army Maffical R~zz Insi~tut3 of

Chemical Dh
A-ITN: SrzRD-ZS
Ab-erdeoan Pmw*v~ G~z0-:z, IM., 21010-5425

1Copy U.S. Air Force o± Serriccs Center
AT1TN: A!--EC/D."'JP
Tynda~ll AFD, FL 32,103

1.Copy Naval Saa System c m:, I
7henter Nicbhar PrIý01,7am OffIcX

ATTN: PMS-423-NA
Vk&-inston, DC 2030.2-5101

1 p COmrandI

U.S. Army Nti'c,-?r zxid Che~mical Ageancy
AITN: EON11A-CM-
75C0 Backlicl: &xad, B10h. 2073
Spmin2gfield, VA 22150-3123
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DISTRfl~tJTON J Ccn.tL~u•)

1 copy Dr. Kris Khanna
U.S. Environmmntal Protection Agency
Office of Drirdng Water (WH-550)
Washington, DC 204C0-5101

and
1 copy Mr. FranIr Bell

U.S. Environmental Protection Agency
Office of Drinkdng Water IVWH-550)
Washington, DC 20460-5101

1 copy Dr. Vincent J. Ciccone, President I
V.J. Ciccons & A's.ociates, Inc.
14045 Jeff Dais Hwy (Suite 5)
Woodbridg3, VA 22191

1 copy Dr. Robert C. Cooper, Director
Sanitary E ..oring and Environmental Health

Research Labcratory (Bldg. 112)
University of Califoinia, Richmond Field Station
47th & Hoffman Boulevard
Richmond, CA 94804

1 copy Dr. Jolm A. Dellinger
Department of Veteranary Biosciences
University of Illinois, Urbana Campus
2001 S. Lincoln Avenue
Urbana, IL 61801

1 copy Dr. Lawrence B. Gratt, President
IWG Corp.
1940 Fifth Avenue (Suite 200)
San Diego, CA 92101

1 copy Dr. Dennis P.H. Hsieh
Department of Environmental Toxicology
University of California, Davis
Davis, CA 95816

1 copy Dr. Robert Scofield
ENVIRON Corporation
6475 Christie Avenue
Emeryville, CA 94608

1 copy Dr. Robert E. Selleck
Environmental Engineering Department
School of Lngineering (Davis Hall Rm. 0635)
University of California, Berkeley
Berkeley, CA 94720
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